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TITLE: Amino Benzothiazole Compounds with NOS Inhibitory 

Activity 

FIELD OF THE INVENTION 

5 The present invention relates to novel amino benzothiazole compounds 

having nitric oxide synthase (NOS) inhibitory activity, to pharmaceutical and 
diagnostic compositions containing them and to their medical use, particularly 
as neuroprotectants. 
BACKGROUND OF THE INVENTION 

10 Nitric oxide (NO) has diverse roles both in normal and 

pathological processes including the regulation of blood pressure, in 
neurotransmission, and in the macrophage defense systems (Snyder, S.H., et 
a/., Scientific American, May 1992, 68). NO is synthesized by three isoforms 
of nitric oxide synthase (NOS), two of which, one in endothelial cells (eNOS) 

15 and one in neuronal cells (nNOS), are constitutive, and the one, in 
macrophage cells, which is inducible (iNOS). These enzymes are 
homodimeric proteins that catalyzed a five-electron oxidation of L-arginine, 
yielding NO and citrulline. The role of NO produced by each of the NOS 
isoforms is quite unique. Overstimulation or overproduction of individual NOS 

20 isoforms plays a role in several disorders including septic shock, arthritis, 
diabetes, ischemia-reperfusion injury, pain and various neurodegenerative 
diseases (Kerwin, J.F. Jr., et al., J. Med. Chem. 1995, 38, 4343). For 
example, the role of NO in cerebral ischemia can be protective or destructive 
depending on the stage of evolution of the ischemic process and on the 

25 cellular compartment producing NO (Dalkara, T., et aA Brain Pathology, 1994, 
4, 49). While the NO produced by eNOS is likely beneficial by acting as a 
vasodilator to improve blood flow to the affected area (Huang, Z., et al. 
J.Cereb. Blood Flow Metab. 1996, 16, 981), NO produced by nNOS may 
contribute to the initial metabolic deterioration of the ischemic penumbra, 

30 resulting in larger infarcts (Hara, H., et al., J. Cereb. Blood Flow Metab. 1996, 
16, 605). The metabolic derangement that occurs during ischemia and 
subsequent reperfusion results in the expression and release of several 
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cytokines that activate iNOS in several cell types including some of the central 
nervous system. NO can be produced at cytotoxic levels by iNOS, and 
increased levels of iNOS contribute to progressive tissue damage in the 
penumbra, leading to larger infarcts (Parmentier, S., etal. Br. J. Pharmacol, 
5 1999, 127, 546). Inhibition of i-NOS has been shown to ameliorate cerebral 
ischemic damage in rats {Am. J. Physiol, 268, R286 1995). 

NO produced by i-NOS is also thought to play a role in diseases 
that involve systemic hypotension such as toxic shock and therapy with 
certain cytokines. It has been shown that cancer patients treated with 
10 cytokines such as interleukin 1 (IL-1), interieukin 2 (IL-2) or tumor necrosis 
factor (TNF) suffer cytokine-induced shock and hypotension due to NO 
produced from macrophages, i.e., inducible NOS (i-NOS) {Chemical & 
Engineering News, Dec. 20, 33, 1993). i-NOS inhibitors can reverse this. 
Suppression of adjuvant induced arthritis by selective inhibition of i-NOS is 
1 5 reported in Eur J. Pharmacol, 273, p. 15-24 (1995). 

n-NOS inhibition has also been shown to be effective in 
antinociception, as evidenced by activity in the late phase of the formalin- 
induced hindpaw licking and acetic acid-induced abdominal constriction 
assays {Br. J. Pharmacol., 110, 219-224, 1993). Finally, opioid withdrawal in 
20 rodents has been reported to be reduced by n-NOS inhibition (see 
Neuropsychopharmacol, 13, 269-293, 1995). 

The use of NOS inhibitors in the treatment of disease has been 
described, for example, in international patent application nos. Wo 94/12163, 
WO 93/13066, WO 94/12165, WO 95/00505, WO 95/09619, WO 95/09621, 
25 WO 95/10266, WO 95/11231, WO 95/11014, WO 96/01817 and WO 
98/50382, and in European patent application nos. EP 446699, EP 547558, 
and EP 558468. 

NOS inhibitors can be therapeutic in many disorders, but 
preservation of physiologically important nitric oxide synthase function 
30 requires the development of isoform-selective inhibitors. 
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SUMMARY OF THE INVENTION 

It has been found that certain aminobenzothiazole compounds 
show nitric oxide synthase (NOS) inhibiting activity. 

The present invention therefore provides compounds of Formula 
5 I, and pharmaceutical^ acceptable salts, solvates and prodrugs thereof: 



NHR 2 



wherein 

10 R 1 is selected from the group consisting of: 

W, V^NH-R 4 and >(Sr ! 

R 2 is selected from the group consisting of H, 

r6 . "° R ' -(CH 2 ) n R 8 and -(CH 2 )mR 9 

R 3 is selected from the group consisting of Chalky!, SCi^alkyl, thienyl and 
1 5 furanyl; 

R 4 is selected from the group consisting of H, Ci-ealkyI, Ph, C(0)Ph and 
-C(0)Ci^alkyl; 

R 5 and R 6 are independently selected from the group consisting of H and 
Ci-ealkyI or together R 5 and R 6 and the nitrogen to which they are attached 

20 form a 3 to 7-membered azacarbocylic ring wherein one of the carbon atoms 
in the ring may optionally be replaced with O, S, or NR 7 ; 
R 7 is selected from the group consisting of H, Ci- 6 alkyl, Ph, Heteroaryl, 
CH 2 Ph, and CH 2 Heteroaryl, with Ph and Heteroaryl being optionally 
substituted with 1-3 groups independently selected from the group consisting 

25 of d^alkyi, halo, OH, OC^alkyl, NH 2 , NH(Ci^alkyl), N(Ci^alkyl)(Ci-4alkyl), 
nitro and cyano; 

R 8 is selected from the group consisting of H, OH, Ph, naphthyl and 
heteroaryl, with Ph, naphthyl and heteroaryl being optionally substituted with 
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1-3 groups independently selected from the group consisting of Ci-4alkyl, halo, 

NH 2 , NH(Ci^alkyl), N(Ci-4alkyl)(Ci^alkyl), nitro, cyano, OH and OC^alkyl; 

R 9 is C3- 7 cycloalkyl optionally substituted with 1-3 groups independently 

selected from the group consisting of Ci^alkyl, halo, NH 2 , NH(Ci-4alkyl), N(Ci. 
5 4 alkyl)(Ci^alkyl), nitro, cyano, OH and OC^alkyl and one or two of the carbon 

atoms in C3- 7 cycloalkyl may optionally be replaced with O or S; 

n is 1-6; 

m is 0-6; 

o is 0-2; 
10 q is 0-6; and 

; the group R 1 NH- is attached to the 5- or 6-position of the aminobenzothiazole 
ring, with the proviso that, when R 4 is d-ealkyl, the group R 1 NH- is attached to 
the 5-position of the aminobenzothiazole ring. 

According to another aspect of the present invention, there is 
15 provided a pharmaceutical composition comprising a compound of Formula I 
and a pharmaceutical^ acceptable carrier or diluent. 

Compounds of Formula I, including those where R 4 is Ci-salkyI 
and the group R 1 NH- is attached to the 5-position of the aminobenzothiazole 
ring, have useful NOS inhibiting activity, and therefore are useful in the 
20 treatment, or reducing the risk of, diseases or conditions which benefit from 
an inhibition of NOS activity. Such diseases or conditions include those in 
which the synthesis or oversynthesis of nitric oxide plays a contributory part. 
In particular, the compounds of Formula I, including those where R 4 is Cr_ 
6 alkyl and the group R 1 NH- is attached to the 5-position of the 
25 aminobenzothiazole ring, exhibit selective inhibition of the neuronal isoform of 
NOS. 

Accordingly, the present invention relates to a method of 
treating, or reducing the risk of, a disease or condition which benefits from an 
inhibition of NOS activity comprising administering an effective amount of a 
30 compound of Formula I, including those where R 4 is Ci- 6 alkyl and the group 
R 1 NH- is attached to the 5-position of the aminobenzothiazole ring, to a cell or 
animal in need thereof. The invention also includes the use of a compound of 
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Formula I, including those where R 4 is Ci. 6 alkyl and the group R 1 NH- is 
attached to the 5-position of the aminobenzothiazole ring, to treat, or reduce 
the risk of, a disease or condition which benefits from an inhibition of NOS 
activity. Further, the invention includes the use of a compound of Formula I, 
5 including those where R 4 is Ci^alkyl and the group R 1 NH- is attached to the 
5-position of the aminobenzothiazole ring, to prepare a medicament to treat, 
or reduce the risk of, a disease or condition which benefits from an inhibition 
of NOS activity. 

Examples of diseases and other conditions that may benefit 
10 from an inhibition of NOS activity include migraine, inflammatory diseases 
including reversible obstructive airway diseases (e.g., asthma and adult 
respiratory distress syndrome (ARDS)), stroke, coronary artery bypass graft 
(CABG), acute and chronic pain, traumatic shock, reperfusion injury, multiple 
sclerosis, AIDS associated dementia, neurodegenerative diseases, neuron 

15 toxicity, Alzheimer's disease, chemical dependencies and addictions (e.g., 
dependencies on drugs, alcohol and nicotine), epilepsy, anxiety, head trauma, 
morphine induced tolerance and withdrawal symptoms, acute spinal cord 
injury, Huntington's disease, Parkinson's disease, glaucoma, macular 
degeneration, diabetic nephropathy. 

20 Preferably the conditions are stroke, reperfusion injury, 

neurodegeneration, head trauma, CABG, migraine, neuropathic pain and 
chronic pain. 

Other features and advantages of the present invention will 
become apparent from the following detailed description. It should be 
25 understood, however, that the detailed description and the specific examples 
while indicating preferred embodiments of the invention are given by way of 
illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from 
this detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in 

which: 

Figure 1 is a bar graph illustrating the neuroprotection observed 
5 during NMDA challenge when rat cortical cells are preincubated with N-{2-[2- 
(3H-imidazol-4-yl)-ethylamino]-benzothiazol-6-yl}-thiophene-2-carboxamidine 

for 60 minutes. 

Figure 2 is a bar graph illustrating the neuroprotection observed 
during NMDA challenge when rat cortical cells are preincubated with N-[2-(2- 
1 0 morpholin-4-yl-ethylamino)-benzothiazol-6-yl]-thiophene-2-carboxamidine for 

60 minutes. 

DETAILED DESCRIPTION OF THE INVENTION 
I. Definitions 

The term "Chalky!" as used herein means straight and/or 
15 branched chain alkyl radicals containing from one to four carbon atoms and 
includes methyl, ethyl, propyl, isopropyl, t-butyl and the like. 

The term "Ci-6alkyl" as used herein means straight and/or 
branched chain alkyl radicals containing from one to six carbon atoms and 
includes methyl, ethyl, propyl, isopropyl, t-butyl, pentyl and the like. 
20 The term "halo" as used herein means halogen and includes 

chloro, bromo, iodo, fluoro and the like. 

The term "Ph" as used herein means phenyl. 
The term "3- to 7-membered azacarbocyclic ring" as used herein 
refers to a saturated carbocycle containing one nitrogen atom and includes 
25 pyrrolidine, piperazine, homopiperazine and the like. One of the carbon 
atoms in the azacarbocyclic ring may optionally be substituted with an oxygen 
atom, sulfur atom or the group NR 7 , wherein R 7 is as defined in Formula I. 

The term "heteroaryl" as used herein refers to mono and bicyclic 
aromatic rings containing from 5 to 10 atoms of which 1-3 may be a 
30 heteroatom or substituted heteroatom selected from the group consisting of 
O, S, NH and NCi^alkyl. The remaining atoms in the ring are carbon atoms. 
Examples of heteroaryl groups include, but are not limited to, pyridinyl, 
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imidazolyl, thienyl, furanyl, indolyl, isoquinolinyl, quinolinyl, benzothienyl, 
benzofuranyl and the like. 

The term "C3-7cycloalkyl" as used herein refers to saturated 
carbocylic rings containing from 3 to 7 carbon atoms and includes cyclopropyl, 
5 cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. One or two of the carbon 
atoms in the C3-7cycloalkyl groups of the invention may optionally be replaced 
with an O or S atom. 

The term "pharmaceutical^ acceptable" means suitable for or 
compatible with the treatment of animals, in particular humans. 
10 The term "pharmaceutically acceptable acid addition salt" as 

used herein means any non-toxic organic or inorganic salt of any base 
compound of the invention, or any of their intermediates. Illustrative inorganic 
acids which form suitable salts include hydrochloric, hydrobromic, sulfuric and 
phosphoric acids, as well as metal salts such as sodium monohydrogen 
15 orthophosphate and potassium hydrogen sulfate. Illustrative organic acids 
that form suitable salts include mono-, di-, and tricarboxylic acids such as 
glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric, 
citric, ascorbic, maleic, benzoic, phenylacetic, cinnamic and salicylic acids, as 
well as sulfonic acids such as p-toluene sulfonic and methanesulfonic acids. 
20 Either the mono or di-acid salts can be formed, and such salts may exist in 
either a hydrated, solvated or substantially anhydrous form. In general, the 
acid addition salts of the compounds of the invention are more soluble in 
water and various hydrophilic organic solvents, and generally demonstrate 
higher melting points in comparison to their free base forms. The selection of 
25 the appropriate salt will be known to one skilled in the art. Other non- 
pharmaceutically acceptable salts, e.g. oxalates, may be used, for example, 
in the isolation of the compounds of the invention, for laboratory use, or for 
subsequent conversion to a pharmaceutically acceptable acid addition salt. 

The term "solvate" as used herein means a compound of the 
30 invention wherein molecules of a suitable solvent are incorporated in the 
crystal lattice. A suitable solvent is physiologically tolerable at the dosage 



WO 2004/014885 ^^CT/CA2003/001185 




-8- 

administered. Examples of suitable solvents are ethanol, water and the like. 

When water is the solvent, the molecule is referred to as a "hydrate". 

The term u compound(s) of the invention" as used herein means 

a compound(s) of Formula I, including those where R 4 is d-ealkyl and the 
5 group R 1 NH- is attached to the 5-position of the aminobenzothiazole ring, and 

salts, solvates and prodrugs thereof. 

The term an "effective amount" or a "sufficient amount " of an 

agent as used herein is that amount sufficient to effect beneficial or desired 

results, including clinical results, and, as such, an "effective amount" depends 
10 upon the context in which it is being applied. For example, in the context of 

administering an agent that is an inhibitor of NOS, an effective amount of an 

agent is, for example, an amount sufficient to achieve such a reduction in 

NOS activity as compared to the response obtained without administration of 

the agent. 

15 As used herein, and as well understood in the art, "treatment" is 

an approach for obtaining beneficial or desired results, including clinical 
results. Beneficial or desired clinical results can include, but are not limited to, 
alleviation or amelioration of one or more symptoms or conditions, 
diminishment of extent of disease, stabilized (i.e. not worsening) state of 

20 disease, preventing spread of disease, delay or slowing of disease 
progression, amelioration or palliation of the disease state, and remission 
(whether partial or total), whether detectable or undetectable. "Treatment" 
can also mean prolonging survival as compared to expected survival if not 
receiving treatment. 

25 "Palliating" a disease or disorder means that the extent and/or 

undesirable clinical manifestations of a disorder or a disease state are 
lessened and/or time course of the progression is slowed or lengthened, as 
compared to not treating the disorder. 

To "inhibit" or "suppress" or "reduce" a function or activity, such 

30 as NOS activity, is to reduce the function or activity when compared to 
otherwise same conditions except for a condition or parameter of interest, or 
alternatively, as compared to another condition. 
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The term "animal" as used herein includes all members of the 
animal kingdom including human. The animal is preferably a human. 

The term "a cell" as used herein includes a plurality of cells. 
Administering a compound to a cell includes in vivo, ex vivo and in vitro 
treatment. 

II. Compounds of the Invention 

Novel compounds showing inhibition of NOS are provided. As 
such, these compounds are useful for treating or reducing the risk of diseases 
or disorders which benefit from an inhibition of NOS. For example, the 
compounds of the invention are useful as neuroprotectants for treating 
conditions such as stroke. 

The present invention therefore provides compounds of Formula 
I, and pharmaceutical^ acceptable salts, solvates and prodrugs thereof: 

-NHR 2 | 




wherein 

R 1 is selected from the group consisting of: 

W, V^NH-R 4 and W I 

R 2 is selected from the group consisting of H, 

R 6 . "° R7 • -(CH 2 ) n R 8 and -(CH 2 ) m R 9 ; 

R 3 is selected from the group consisting of Ci-ealkyI, SC^alkyl, thienyl and 
furanyl; 

R 4 is selected from the group consisting of H, Ci^alkyl, Ph, C(0)Ph and 
-C(0)Ci.6alkyl; 

R 5 and R 6 are independently selected from the group consisting of H and 
Ci-ealkyI or together R 5 and R 6 and the nitrogen to which they are attached 
form a 3 to 7-membered azacarbocylic ring wherein one of the carbon atoms 
in the ring may optionally be replaced with O, S, or NR 7 ; 
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R 7 is selected from the group consisting of H, Ci- 6 alkyl, Ph, Heteroaryl, 
CH 2 Ph, and CH 2 Heteroaryl, with Ph and Heteroaryl being optionally 
substituted with 1-3 groups independently selected from the group consisting 
of C^alkyl, halo, OH, OC^alkyl, NH 2 , NH(Ci^alkyl), N(Ci^,alkyl)(C^alkyl), 

5 nitro and cyano; 

R 8 is selected from the group consisting of H, OH, Ph, naphthyl and 
heteroaryl, with Ph, naphthyl and heteroaryl being optionally substituted with 
1-3 groups independently selected from the group consisting of Ci^alkyl, halo, 
NH 2 , NH(Ci-4alkyl), N(Ci^alkyl)(Ci^alkyl), nitro, cyano, OH and OCi^alkyl; 

10 R 9 is C3- 7 cycloalkyl optionally substituted with 1-3 groups independently 
selected from the group consisting of Ci^alkyl, halo, NH 2 , NH(Ci^alkyl), N(Ci. 
4 alkyl)(Ciw»alkyl), nitro, cyano, OH and OC^alkyl and one or two of the carbon 
atoms in C3- 7 cycloalkyl may optionally be replaced with O or S; 
n is 1-6; 

15 m is 0-6; 
o is 0-2; 
p is 1-2; and 

the group R 1 NH- is attached to the 5- or 6-position of the aminobenzothiazole 
ring, with the proviso that, when R 4 is Ci^alkyl, the group R 1 NH- is attached to 
20 the 5-position of the aminobenzothiazole ring. 

The present invention includes compounds of Formula I wherein 
R 1 is selected from the group consisting of: 

\ r 3 , \ NH-R 4 and \ S Further, when R 1 is ^ r3 , R 3 is selected 
from the group consisting of Ci- 6 alkyl, SCi^alkyl, thienyl and furanyl. In 
25 embodiments of the present invention, R 3 is selected from the group 
consisting of Ci- 2 alkyl, SCi^alkyl and thienyl. In further embodiments of the 
present invention, R 3 is selected from the group consisting of SCi- 2 alkyl and 

I 

thienyl. Alternatively, when R 1 is ^ NH " R \ R 4 is selected from the group 
consisting of H, Chalky!, Ph, C(0)Ph and -C(0)Ci-ealkyl. In embodiments of 
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the invention, R 4 is selected from the group consisting of H, Chalky!, Ph, 
C(0)Ph and -C(0)Ci-4alkyl. In further embodiments of the invention, R 4 is 
selected from the group consisting of H, and C(0)Ph. 

In the present invention, the compounds of Formula I include 
5 those in which R 2 is selected from the group consisting of H, 

R 6 . "o R 7 , -(CH 2 ) n R 8 and -(CH 2 ) m R 9 

In embodiments of the present invention, when R 2 

is 2 " _N R 6 in the compounds of Formula I, R 5 and R 6 are independently 
selected from the group consisting of H and Ci- 6 alkyl or together R 5 and R 6 
10 and the nitrogen to which they are attached form a 3 to 7-membered 
azacarbocylic ring wherein one of the carbon atoms in the ring may optionally 
be replaced with O, S, or NR 7 . In embodiments of the invention, R 5 and R 6 
are independently selected from a group consisting of H and Chalky I or 
together R 5 and R 6 and the nitrogen to which they are attached form a 4 to 6- 
15 membered azacarbocylic ring wherein one of the carbon atoms in the ring 
may optionally be replaced with O, S, or NR 7 . In further embodiments, R 5 and 
R 6 are independently selected from a group consisting of H and CH3 or 
together R 5 and R 6 and the nitrogen to which they are attached form a 5 to 6- 
membered azacarbocylic ring in which one of the carbon atoms in the ring 
20 may optionally be replaced with O, S or NR 7 . 

The compounds Formula I include those in which R 7 is selected 
from the group consisting of H, Ci-ealkyl, Ph, Heteroaryl, CH 2 Ph, and 
CH 2 Heteroaryl, with Ph and Heteroaryl being optionally substituted with 1-3 
groups independently selected from the group consisting of d^alkyl, halo, 
25 OH, OCi-4alkyl, NH 2 , NHfC^alkyl), N(Ci^alkyl)(Ci^alkyl), nitro and cyano. In 
embodiments of the invention, R 7 is selected from H, Ci^alkyl, Ph, Heteroaryl, 
CH 2 Ph, an d CH 2 Heteroaryl, with Ph and Heteroaryl being optionally 
substituted with 1-2 groups independently selected from the group consisting 
of Ci. 4 alkyl, halo, OH, OC^alkyl, NH 2l NH(C^alkyl), N(Ci^alkyl)(C^alkyl), 



WO 2004/014885 ^^CT/CA2003/001185 



-12- 

nitro and cyano. In further embodiments, R 7 is selected from H, Ci^alkyl, Ph, 
Heteroaryl, CH 2 Ph, and CH 2 Heteroaryl, with Ph and Heteroaryl being 
optionally substituted with 1 group independently selected from the group 
consisting of Ci- 4 alkyl, halo, OH, Od^alkyl, NH 2 , NHCC^alkyl), N(Ci. 
5 4alkyl)(Ci-4alkyl), nitro and cyano. In still further embodiments, R 7 is selected 
from H, d^alkyl Ph, Heteroaryl, and CH 2 Ph, with Ph being optionally 
substituted with 1 groups independently selected from the group consisting of 
C^alkyl, halo, OH, OCi^alkyl, NH 2 , NH(Ci^alkyl), N(Ci^alkyl)(Ci^alkyl), nitro 
and cyano. In further embodiments of the invention, R 7 is selected from 
10 methyl and CH 2 Ph. 

When R 2 is -(CH 2 ) n R 8 , R 8 is selected from the group consisting 
of H, OH, Ph, naphthyl and heteroaryl, with Ph, naphthyl and heteroaryl being 
optionally substituted with 1-3 groups independently selected from the group 
consisting of d^alkyl, halo, NH 2 , NH(Ci-4alkyl), N(Ci-4alkyl)(Ci^alkyl), nitro, 
15 cyano, OH and OCi^alkyl. In embodiments of the invention, R 8 is selected 
from the group consisting of H, OH, Ph and heteroaryl, with Ph and heteroaryl 
being optionally substituted with 1-2 groups independently selected from the 
group consisting of Ci^alkyl, halo, NH 2 , NH(Ci^alkyl), N(Ciuja|kyl)(Ci^alkyl), 
nitro, cyano, OH and OCi^alkyl. In further embodiments, R 8 is selected from 
20 the group consisting of H OH, Ph, and heteroaryl, with Ph and heteroaryl 
being optionally substituted with 1-2 groups independently selected from the 
group consisting of Ci^alkyl, halo, NH 2 , NH(Ci-4alkyl), N(Ci^alkyl)(Ci-4alkyl), 
nitro, cyano, OH and OCi^alkyl. In still further embodiments, heteroaryl is a 5 
or 6 membered aromatic ring. In even further embodiments, heteroaryl is 
25 selected from pyridyl, imidazolyl, thienyl and furanyl. 

When R 2 is -<CH 2 )qR 9 , R 9 is C 3 -7cycloalkyl optionally substituted 
with 1 -3 groups independently selected from the group consisting of C-MalkyI, 
halo, NH 2 , NH(Ci-4alkyl), N(Ci^,alkyl)(C M alkyl), nitro, cyano, OH and OCi- 
4 alky I and one or two of the carbon atoms in C3- 7 cycloalkyl may optionally be 
30 replaced with O or S. In embodiments of the invention, R 9 is C3-7cycloalkyl 
optionally substituted with 1-2 groups independently selected from the group 
consisting of Chalky!, halo, NH 2 , NH(Ci^alkyl), N(Ci.*alkyl)(Ci-4alkyl), nitro, 
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cyano, OH and OC^alkyl and one of the carbon atoms in C3-7cycloalkyl may 
optionally be replaced with O or S. In further embodiments R 9 is C5- 
7cycloalkyl optionally substituted with 1 group independently selected from the 
group consisting of Ci^alkyl, halo, NH 2 , NH(Ci^alkyl), N(Ci^alkyl)(Ci^alkyl), 
5 nitro, cyano, OH and OCi-*alkyl and one of the carbon atoms in C3-7cycloalkyl 
may optionally be replaced with O or S. In still further embodiments, R 9 is C5- 
ycycloalkyl herein one of the carbon atoms in C 3 -7cycloalkyl may optionally be 
replaced with O. In even further embodiments, R 9 is selected from 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, 
10 tetrahydropyranyl or tetrahydrofuran. 

The present invention includes compounds of Formula I wherein 
n is 1-6. In embodiments of the invention, n is 1-4. In further embodiments, n 
is 2-3. In still further embodiments, n is 2. 

The present invention also includes compounds of Formula I, 
15 wherein m is 0-6. In embodiments of the invention, m is 0-4. In further 
embodiments, m is 0-2. 

Compounds of Formula I, further include those wherein o is 1-2. 
In embodiments, 0 is 1. Compounds of Formula I, further include those 
wherein p is 1-2. In embodiments of the invention, both o and p are 1 (to 
20 provide a pyrrolidinyl ring). In still further embodiments, both o and p are 2 (to 
provide a piperidinyl ring). 

1 V^R 3 

In an embodiment of the present invention, when R' is * 
the compounds of Formula I include those wherein R 3 is selected from the 
group consisting SCi^alkyl and thienyl, attached to the 5- or 6-position of the 
25 aminobenzothiazole ring. 

In a further embodiment of the present invention, when R 1 is 

\ NH-R 4 R 4 js se | ectec | f rom the group consisting of H and C(0)Ph, 
attached to the 5- or 6-position of the aminobenzothiazole ring. 
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ln yet another embodiment of the present invention, R 1 is 

JO 

\ s attached to the 5- or 6-position of the aminobenzothiazole ring. 

In specific embodiments of the present invention, the 
compounds of Formula I include: 

N-(2-Amino-benzothiazol-6-yl)-2-methylthiocarboximidamide; 
N-(2-Amino-benzothiazol-6-yl)-2-ethylthiocarboximidamide; 
N-(2-Amino-benzothiazol-6-yl)-2-propylthiocarboximidamide; 
N-(2-Amino-benzothiazol-6-yl)-2-isopropylthiocarboximidamide; 
N-(2-Amino-benzothiazol-6-yl)-2-methylcarboximidamide; 
» N-(2-Amino-benzothiazol-6-yl)-2-thiophenecarboximidamide; 
N-[2-(2-pyrrolidin-1-ylethylamino)-benzothiazol-6-yl]-2- 

thiophenecarboximidamide; 
1-(2-Amino-benzothiazol-5-yl)-3-benzoyl-thiourea; 
1-(2-Amino-benzothiazol-5-yl)-3-ethyl-thiourea; 
> N-(2-Amino-benzothiazol-5-yl)-thiophene-2-carboxamidine; 
N5-Thiazol-2-yl-benzothiazole-2,5-diamine; 
(2-Amino-benzothiazol-5-yl)-thiourea; 

N-[2-(Tetrahydro-pyran-4-ylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine; 

D N-{2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-ylHhi°P nene - 2 - 
carboxamidine; 

N-[2-(2-Pyridin-2-yl-ethylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine; 

N-[2-(1-Benzyl-piperidin-4-ylamino)-benzothiazol-6-yl]-thiophene-2- 

5 carboxamidine; 

NK2-[2-(3H-lmidazol-4-yl)-ethylamino]-benzothiazol-6-yl}-thiophene-2- 

carboxamidine; , 
N-[2-(2-Morpholin-4-yl-ethylamino)-benzothiazol-6-yl]-thiophene-2- 

carboxamidine; 

0 N-[2-(2-Dimethylamino-ethylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine; 
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N-{2-[2-(1-Methyl-pyrrolidin-2-yl)-ethylamino]-benzothiazol-6-y^ 
carboxamidine; 

N-{2-[2-(3-ChlorcHphenyl)^thylam 
carboxamidine; 

5 N-[2-(4-Hydroxy-butylamino)-benzothiazol-6-yl]-thiophene-2-carboxam 
N-[2-(3-lmidazol-1-yl-propylarnino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine; 

N2-(1-Benzyl-piperidin^yl)-N6-thiazol-2-yl-benzothiazole-2,6-diami^ 
1-Benzoyl-3-{2-[2-(4-bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-th 
0 {2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-thiourea; and 
1-{2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-2-ethylH 



enantiomers. It is to be understood that all such enantiomers and mixtures 
1 5 thereof in any proportion are encompassed within the scope of the present 
invention. Further, the invention extends to all tautomers of the compounds of 
the present invention. 



substituents, it is understood, of course, that such groups do not contain any 
20 substitution or substitution patterns which are sterically impractical and/or 
synthetically non-feasible. 

III. Methods of Preparing Compounds of the Invention ~ 



compounds of the invention can be prepared by processes analogous to 
25 those established in the art. Therefore, compounds of the invention may be 
prepared, for example, by the reaction sequences shown in Schemes 1-7. 



SCi-ealkyl, may be prepared, for example, by reacting compounds of the 



for example, when R 2 is 




As to any of the above groups that contain one or more 



In accordance with another aspect of the present invention, the 



Compounds of the invention, 
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invention, wherein R 1 is ^ nh " r4 , R 4 is H and R 2 is as defined in Formula I, 
with a reagent of Formula B, wherein LG is a suitable leaving group such as a 
halogen, preferably iodo, under standard alkylating conditions as shown in 
Scheme 1 . 



Scheme 1 



5=< K^-H HN=< 

NH 2 SC^Ikyl . 



X 

1 V^R 3 3 

Compounds of the invention, wherein R is " and R is 
thienyl, furanyl and Ci- 6 alkyl, may be prepared, for example, as shown in 
Scheme 2. Therefore reagents of Formula C, wherein R 2 is as defined in 
Formula I, may be reacted with reagents of Formula D or E, wherein Q may 
be, for example phenyl or naphthylmethyl and X is O or S, in an alcohol 
solvent such asethanol, to provide compounds of the invention, wherein R 1 is 

^ r3 and R 3 is thienyl, furanyl and Ci-ealkyl. 
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Scheme 2 




5 Compounds of the invention, wherein R 1 is NH " R , wherein 

R 4 is Ci-ealkyl, Ph, C(0)Ph and -C(0)Ci. 6 alkyl, and R 2 is as defined in 
Formula I, may be prepared from a reagent of Formula C, wherein R 2 is as 
defined in Formula I, for example, as shown in Scheme 3. Therefore, 
reagents of Formula C are reacted with a reagent of Formula F, wherein R 4 is 

10 Ci. 6 alkyl, Ph, C(0)Ph and -C(0)Ci- 6 alkyl in an inert solvent such as 
tetrahydrofuran, suitably at ambient temperature or with heating. Compounds 

of the invention, wherein R 1 is ^ nh " r4 , R 4 is H, and R 2 is as defined in 
Formula 1, may be prepared by hydrolysis of a compound of the invention, 

wherein R 1 is ^ nh " r4 and R 4 is C(0)Ph using standard conditions (for 
15 example aqueous sodium hydroxide in tetrahydrofuran) as shown in Scheme 
3. 
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Scheme 3 



R 4 -N=C=S 
F 



NH 
R 4 




M-4 T"/>-NHR2 



N 



s=< 

NH 
R 4 



R 4 = C(0)Ph 



hydrolysis 




-f T />-nhr 2 



N 



NH 3 



10 



Compounds of the invention, wherein R 1 is s and R 2 is as 
defined in Formula I, may be prepared, for example, by reacting a compound 

of the invention, wherein R 1 is ^ nh " r4 > R 4 is H, and R 2 is as defined in 
Formula I, with chloroacetaldehyde in a polar solvent, such as ethanol, 
suitably under refluxing conditions, as shown in Scheme 4. 

Scheme 4 



sK KX»- NHR2 



CICH 2 C(0)H 



NH 5 




HN — [j- T />-NHR 2 



N 



15 



Reagents of Formula C, wherein R 2 is as defined in Formula 1, 
may be prepared, for example, by reducing the nitro group of a reagent of 
Formula G, wherein R 2 is as defined in Formula I, under standard conditions 
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as shown in Scheme 5. Standard reduction conditions may be, for example, 
SnCI 2 in a polar solvent, such as ethanol, at refluxing temperatures. 

Scheme 5 



SnCI 2 ,, > 

NHR 2 -~ rtjN— [l- I >-NHR 2 



Reagents of Formula G, wherein R 2 is selected from the group 

consisting of ■ 0 R - -(CH 2 ) n R 8 and -(CH 2 )mR 9 

1 0 and R 5 -R 9 and n, m, o and p are as defined in Formula I, may be prepared, for 
example, be treating a reagent of Formula H with a reagent of Formula J, 
wherein R 2 is selected from the group consisting of 

-!-(CH2) n _ N ' R "H CH2)m_ "<C^ P 

R 6 . "o V R 7 , -(CH 2 ) n R 8 and -(CH 2 ) m R 9 and R 5 -R 9 and n, 

m, o and p are as defined in Formula I, under standard alkylating conditions 
15 as shown in Scheme 6. Conditions to effect the alkylation of reagents J with 
reagents H may include, for example, heating reagents J and H together with 
or without a solvent, optionally in the presence of a suitable base. 



Scheme 6 



r2nh 2 

H G 

Reagents of Formula G, wherein R 2 is H, reagents of Formula H 
and reagents of Formula J, wherein R 2 is selected from the group consisting 
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-|-(CH2) n _N R ^ -H°Ha>m-0, % P _ 

of • 0 R - -(CH 2 ) n R 8 and -(CH 2 ) m R 9 and R 5 -R 9 

and n, m, o and p are as defined in Formula I, are commercially available or 
may be prepared using standard methodologies known to a person skilled in 
the art (see for example, Examples 14-16 herein below). 
5 An alternate route to reagents of Formula C, wherein R 2 is 

selected from the group consisting of R • 0 R ' - 

(CH 2 ) n R 8 and -(CH 2 ) m R 9 and R 5 -R 9 and n, m, o and p are as defined in 
Formula I, involves the reaction of a reagent of Formula K, with a reagent of 
Formula L, wherein R 2 is selected from the group consisting of 

-|-(CH2) n _ N ' R -H CH 2>m-<^!j P 

10 R6 ■ ° R7 ' -(CH 2 )nR 8 and -(CH 2 ) m R 9 and R 5 -R 9 and 

n, m, o and p are as defined in Formula I and LG is a suitable leaving group, 
such as halo, suitably chloro, under standard alkylation conditions as shown 
in Scheme 7. The resulting nitro compound may be reduced to the 
corresponding amino compound C as described above. Reagents of Formula 

15 K are either commercially available or may be prepared using standard 
methodologies. 

Scheme 7 

1. R 2 LG 



OaN-lj^rV-NHa — H 2 N-[j^T S >-NHR 2 

^^•N 2 . reduction 

20- K 



Reagents of Formula D and E are either commercially available 
or may be prepared by reacting the corresponding cyano compounds with a 
thiol, Q-SH, wherein Q may be, for example phenyl or naphthylmethyl , 
25 followed by quenching with HBr, as shown in Scheme 8. 
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Scheme 8 



IHBr 

Q-SH =: — - S" ""Ar 



I HBr 



CN-C^alkyl n JT* 



In some cases the chemistries outlined above may have to be 
modified, for instance by use of protective groups, to prevent side reactions 
due to reactive groups, such as reactive groups attached as substituents. 
This may be achieved by means of conventional protecting groups, for 

10 example as described in "Protective Groups in Organic Chemistry" McOmie, 
J.F.W. Ed., Plenum Press, 1973 and in Greene, T.W. and Wuts, P.G.M., 
"Protective Groups in Organic Synthesis", John Wiley & Sons, 1991. 

The compounds of the invention, and intermediates in the 
preparation of the compounds of the invention, may be isolated from their 

15 reaction mixtures and purified (if necessary) using conventional techniques, 
including, for example, extraction, chromatography, distillation and 
recystallization. 

The formation of a desired compound salt is achieved using 
standard techniques. For example, the neutral compound is treated with an 
20 acid or base in a suitable solvent and the formed salt is isolated by filtration, 
extraction or any other suitable method. 

The formation of solvates of the compounds of the invention will 
vary depending on the compound and the solvate. In general, solvates are 
formed by dissolving the compound in the appropriate solvent and isolating 
25 the solvate by cooling or using an antisolvent. The solvate is typically dried or 
azeotroped under ambient conditions. 
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Preparation of an optical isomer of a compound of the invention 
may be performed by reaction of the appropriate optically active starting 
materials under reaction conditions which will not cause racemization. 
Alternatively, the individual enantiorners may be isolated by separation of a 

> racemic mixture using standard techniques, for example fractional 
crystallization or HPLC. 

Prodrugs of the compounds of the invention may be 
conventional esters formed with an available amino group. For example, 
when R 2 is H in a compound of the invention, it may be acylated using an 
) activated acid in the presence of a base, and optionally, in inert solvent (e.g. 
an acid chloride in pyridine). Some common esters which have been utilized 
as prodrugs are phenyl esters, aliphatic (C 8 -C 2 4) esters, acyloxymethyl esters, 
carbamates and amino acid esters. 

A radiolabeled compound of the invention may be prepared 

> using standard methods known in the art. For example, tritium may be 
incorporated into a compound of the invention using standard techniques, for 
example by hydrogenation of a suitable precursor to a compound of the 
inventionusing tritium gas and a catalyst. Alternatively, a compound of the 
inventioncontaining radioactive iodo may be prepared from the corresponding 

) trialkyltin (suitably trimethyltin) derivative using standard iodination conditions, 
such as [ 125 l] sodium iodide in the presence of chloramine-T in a suitable 
solvent, such as dimethylformamide. The trialkyltin compound may be 
prepared from the corresponding non-radioactive halo, suitably iodo, 
compound using standard palladium-catalyzed stannylation conditions, for 

> example hexamethylditin in the presence of tetrakis(triphenylphosphine) 
palladium (0) in an inert solvent, such as dioxane, and at elevated 
temperatures, suitably 50-1 00°C. 

IV. Uses 

As hereinbefore mentioned, novel compounds having the 
) general Formula I have been prepared. Accordingly, the present invention 
includes all uses of the compounds of Formula I, including their use in 
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therapeutic methods and compositions for inhibiting NOS activity, their use in 
diagnostic assays and their use as research tools. 

The compounds of the invention, i.e. compounds of Formula I, 
including those where R 4 is Ci-ealkyI and the group R 1 NH- is attached to the 
5 5-position of the aminobenzothiazole ring, have useful NOS inhibiting activity, 
and therefore are useful in the treatment, or reducing the risk of, diseases or 
conditions which benefit from an inhibition of NOS activity. Such diseases or 
conditions include those in which the synthesis or oversynthesis of nitric oxide 
plays a contributory part. 
10 Accordingly, the present invention relates to a method of 

treating, or reducing the risk of, a disease or condition which benefits from an 
inhibition of NOS activity comprising administering an effective amount of a 
compound of Formula I, including those where R 4 is Ci^alkyl and the group 
R 1 NH- is attached to the 5-position of the aminobenzothiazole ring, to a cell or 
15 animal in need thereof. The invention also includes the use of a compound of 
Formula I, including those where R 4 is Ci_ 6 alkyl and the group R 1 IMH- is 
attached to the 5-position of the aminobenzothiazole ring, to treat, or reduce 
the risk of, a disease or condition which benefits from an inhibition of NOS 
activity. Further, the invention includes the use of a compound of Formula I, 
20 including those where R 4 is d-ealkyl and the group R 1 NH- is attached to the 
5-position of the aminobenzothiazole ring, to prepare a medicament to treat, 
or reduce the risk of, a disease or condition which benefits from an inhibition 
of NOS activity. 

Examples of diseases and other conditions that may 
25 benefit from an inhibition of NOS activity include migraine, inflammatory 
diseases including reversible obstructive airway diseases (e.g., asthma and 
adult respiratory distress syndrome (ARDS)), stroke, coronary artery bypass 
graft (CABG), acute and chronic pain, traumatic shock, reperfusion injury, 
multiple sclerosis, AIDS associated dementia, neurodegenerative diseases, 
30 neuron toxicity, Alzheimer's disease, chemical dependencies and addictions 
(e.g., dependencies on drugs, alcohol and nicotine), epilepsy, anxiety, head 
trauma, morphine induced tolerance and withdrawal symptoms, acute spinal 
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cord injury, Huntington's disease, Parkinson's disease, glaucoma, macular 
degeneration, diabetic nephropathy. 

Preferably the conditions are stroke, reperfusion injury, 
neurodegeneration, head trauma, CABG, migraine, neuropathic pain and 
chronic pain. 

The compounds of the invention, i.e. compounds of Formula I, 
including those where R 4 is Ci- 6 alkyl and the group R 1 NH- is attached to the 
5-position of the aminobenzothiazole ring, in particular exhibit selective 
inhibition of the neuronal isoform of NOS. As herein before mentioned, the 
) NO produced by the nNOS isoform during cerebral ischemia may contribute 
to the initial metabolic deterioration of the ischemic penumbra, resulting in 
larger infarcts. The present invention therefore provides a method for treating 
and or reducing the risk of stroke comprising administering an effective 
amount of a compound of Formula I, including those where R 4 is Ci. 6 alkyl and 
5 the group R 1 NH- is attached to the 5-position of the aminobenzothiazole ring , 
to a ceil or an animal in need thereof. Further, there is provided a use of a 
compound of Formula I, including those where R 4 is Ci- 6 alkyl and the group 
R 1 NH- is attached to the 5-position of the aminobenzothiazole ring, to treat 
stroke as well as a use of a compound of Formula I, including those where FT 4 
D is Ci- 6 alkyl and the group R 1 NH- is attached to the 5-position of the 
aminobenzothiazole ring, to prepare a medicament to treat stroke. 

Compounds may be examined for their efficacy in preferentially 
inhibiting nNOS and/or iNOS and/or eNOS by a person skilled in the art using 
the methods described in Example 22, herein below. Further, the compounds 
5 of the invention may be tested in standard assays for neuroprotectants, in 
particular for stroke (see for example, Am. J. Physiol., 268, R286 1 995). 

The compounds of the invention are preferably formulated into 
pharmaceutical compositions for administration to human subjects in a 
biologically compatible form suitable for administration in vivo. Accordingly, in 
;0 another aspect, the present invention provides a pharmaceutical composition 
comprising a compound of the invention in admixture with a suitable diluent or 
carrier. 



WO 2004/014885 



'CT7CA2003/001185 



-25- 

The compounds of the invention may be used in the form of the 
free base, in the form of salts, solvates and as prodrugs. All forms are within 
the scope of the invention. 

In accordance with the methods of the invention, the described 
5 compounds or salts, solvates or prodrugs thereof may be administered to a 
patient in a variety of forms depending on the selected route of administration, 
as will be understood by those skilled in the art. The compounds of the 
invention may be administered, for example, by oral, parenteral, buccal, 
sublingual, nasal, rectal, patch, pump or transdermal administration and the 
0 pharmaceutical compositions formulated accordingly. Parenteral 
administration includes intravenous, intraperitoneal, subcutaneous, 
intramuscular, transepithelial, nasal, intrapulmonary, intrathecal, rectal and 
topical modes of administration. Parenteral administration may be by 
continuous infusion over a selected period of time. 
15 A compound of the invention may be orally administered, for 

example, with an inert diluent or with an assimilable edible carrier, or it may 
be enclosed in hard or soft shell gelatin capsules, or it may be compressed 
into tablets, or it may be incorporated directly with the food of the diet. For 
oral therapeutic administration, the compound of the invention may be 
20 incorporated with excipient and used in the form of ingestible tablets, buccal 
tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. 

A compound of the invention may also be administered 
parenterally. Solutions of a compound of the invention can be prepared in 
water suitably mixed with a surfactant such as hydroxypropylcellulose. 
25 Dispersions can also be prepared in glycerol, liquid polyethylene glycols, 
DM SO and mixtures thereof with or without alcohol, and in oils. Under 
ordinary conditions of storage and use, these preparations contain a 
preservative to prevent the growth of microorganisms. A person skilled in the 
art would know how to prepare suitable formulations. Conventional 
30 procedures and ingredients for the selection and preparation of suitable 
formulations are described, for example, in Remington's Pharmaceutical 
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Sciences (1990 - 18th edition) and in The United States Pharmacopeia: The 
National Formulary (USP 24 NF19) published in 1999. 

The pharmaceutical forms suitable for injectable use include 
sterile aqueous solutions or dispersion and sterile powders for the 
5 extemporaneous preparation of sterile injectable solutions or dispersions. In 
all cases the form must be sterile and must be fluid to the extent that easy 
syringability exists. 

Compositions for nasal administration may conveniently be 
formulated as aerosols, drops, gels and powders. Aerosol formulations 

10 typically comprise a solution or fine suspension of the active substance in a 
physiologically acceptable aqueous or non-aqueous solvent and are usually 
presented in single or multidose quantities in sterile form in a sealed 
container, which can take the form of a cartridge or refill for use with an 
atomising device. Alternatively, the sealed container may be a unitary 

15 dispensing device such as a single dose nasal inhaler or an aerosol dispenser 
fitted with a metering valve which is intended for disposal after use. Where 
the dosage form comprises an aerosol dispenser, it will contain a propellant 
which can be a compressed gas such as compressed air or an organic 
propellant such as fluorochlorohydrocarbon. The aerosol dosage forms can 

20 also take the form of a pump-atomizer. 

Compositions suitable for buccal or sublingual administration 
include tablets, lozenges, and pastilles, wherein the active ingredient is 
formulated with a carrier such as sugar, acacia, tragacanth, or gelatin and 
glycerine. Compositions for rectal administration are conveniently in the form 

25 of suppositories containing a conventional suppository base such as cocoa 
butter. 

The compounds of the invention may be administered to an 
animal alone or in combination with pharmaceutical^ acceptable carriers, as 
noted above, the proportion of which is determined by the solubility and 
30 chemical nature of the compound, chosen route of administration and 
standard pharmaceutical practice. 
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The dosage of the compounds of the invention, and/or 
compositions comprising a compound of the invention, can vary depending 
on many factors such as the pharmacodynamic properties of the compound, 
the mode of administration, the age, health and weight of the recipient, the 
5 nature and extent of the symptoms, the frequency of the treatment and the 
type of concurrent treatment, if any, and the clearance rate of the compound 
in the animal to be treated. One of skill in the art can determine the 
appropriate dosage based on the above factors. The compounds of the 
invention may be administered initially in a suitable dosage that may be 

10 adjusted as required, depending on the clinical response. In general, 
satisfactory results may be obtained when the compounds of the invention 
are administered to a human at a daily dosage of between 1 mg and 2000 mg 
(measured as the solid form). 

The compounds of the invention can be used alone or in 

15 combination with other agents that have NOS activity or in combination with 
other types of treatment (which may or may not inhibit NOS) to the treat, 
prevent and/or reduce the risk of stroke or other disorders that benefit from 
NOS inhibition. 

In addition to the above-mentioned therapeutic uses, the 
20 compounds of the invention are also useful in diagnostic assays, screening 
assays and as research tools. 

In diagnostic assays the compounds of the invention may be 
useful in identifying or detecting NOS activity. In such an embodiment, the 
compounds of the invention may be radiolabelled (as hereinbefore described) 
25 and contacted with a population of cells. The presence of the radiolabel on 
the cells may indicate NOS activity. 

In screening assays, the compounds of the invention may be 
used to identify other compounds that inhibit NOS. As research tools, the 
compounds of the invention may be used in enzyme assays and assays to 
30 study the localization of NOS activity. Such information may be used, for 
example, for diagnosing or monitoring disease states or progression. In such 
assays, the compounds of the invention may also be radiolabelled. 
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The following non-limiting examples are illustrative of the 
present invention: 

EXAMPLES 
Example 1 : Benzothiazole-2,6-diamine 



A mixture of 6-nitro-benzothiazol-2-ylamine (1.0 g, 5.12 mmol) and SnCI 2 
(4.86 g, 25.6 mmol) in 15 mL ethanol (denatured) was heated at reflux for 1 
hour. The mixture was concentrated and partitioned between 100 mL CH 2 CI 2 
and 50 mL 1.0 N NaOH. The organic layer was separated and the aqueous 
layer was extracted with 2 x 100 mL of CH 2 CI 2 . The combined organic 
fractions were dried over MgS0 4 , filtered and evaporated to give a yellow 
solid. This was washed with a 1:1 mixture of Et 2 0 and hexanes. Yield: 50%; 
1 H-NMR (acetone-de): 5 7.14 (d, 1H, J = 8.8 Hz); 6.92 (d, 1H, J = 1.9 Hz); 6.62 
(dd, 1H, J = 1.9, 8.5 Hz). 

Example 2: 1-(2-Amino-benzothiazol-6-yl)-3-benzoylthiourea 



Benzoylisothiocyanate (0:12 mL, 0.91 mmol) was added dropwise to a 
solution of benzothiazole-2,6-diamine (Example 1, 150 mg, 0.91 mmol) in 10 
mL of THF at room temperature. The mixture was stirred at room 
temperature for 7 hours and then concentrated. The residue was washed 
with a 1:1 mixture of Et20 and hexanes. Yield: 97.3%, 1 H-NMR (DMSO-d 6 ): 8 
12.65 (s, 1H); 11.55 (s, 1H); 8.00 (m, 3H); 7.60 (m, 5H);7.38 (m, 2H). 





WO 2004/014885 



r CT/CA2003/001185 



-29- 

Example 3: 1-(2-Amino-benzothiazol-6-yl)thiourea 

5 A suspension of l-(2-amino-benzothiazol-6-yl)-3-benzoyl-thiourea (Example 
2, 0.2 g, 0.61 mmol) and 2.0 N NaOH (0.67 mL, 1.34 mmol) in 10 mL of THF 
was heated at reflux for 4 hours. Upon cooling, a yellow solid precipitated 
which was filtered. Yield: 66.5%, 1 H-NMR (DMSO-d 6 ): 5 9.55 (s, 1H); 7.64 (d, 
1H, J = 1 .8 Hz); 7.44 (s, 2H); 7.27 (m, 2H); 7.03 (dd, 1H, J = 8.0, 2.0 Hz). 

1 0 Examp le 4: N-(2-Amino-benzothiazol-6-yl)-2-methylthiocarboxinrt idamide 



H 




Methyl iodide (19.4 uL, 0.312 mmol) was added to a solution of 1-(2-amino- 
15 benzothiazol-6-yl)thiourea (Example 3, 50 mg, 0.312 mmol) in 2 mL of DMF. 
To this solution was added K 2 C0 3 (129 mg, 0.936 mmol). The suspension 
was stirred at room temperature for 22 hours. The reaction mixture was 
diluted with 20 mL of CH 2 CI 2 and treated with 5 mL of H20. The organic layer 
was concentrated and concentrated to give a yellow solid which was 
20 subjected to silica gel column chromatography (10% MeOH:90% CH 2 CI 2 ). 
This product was then dissolved in 2 mL MeOH and treated with 0.5 mL of a 
2M HCI aqueous solution. After 30 minutes at room temperature, the solvent 
was evaporated to give a cream-colored solid. Yield: 35%, 1 H-NMR(D 2 0): 8 
7.80 (d, 1H, J = 2.0 Hz); 7.62 (d, 1H, J = 8.7 Hz); 7.48 (dd, 1H, J = 7.0, 2.2 
25 Hz); 3.35 (s, 3H). 
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Example 5: N-(2-Amino-benzothiazol-6-yl)-2-ethylthiocarboximidamide 



5 Ethyl iodide (25 jjL, 0.312 mmol) was added to a solution of 1-(2-amino- 
benzothiazol-6-yl)thiourea (Example 3, 50 mg, 0.312 mmol) in 2.5 ml_ DMF. 
To this solution was added K 2 C0 3 (129 mg, 0.936 mmol). The suspension 
was stirred at room temperature for 22 hours. The reaction mixture was 
diluted with 20 ml_ of CH 2 CI 2 and treated with 5 ml_ of H 2 0. The organic layer 

10 was concentrated and concentrated to give a yellow solid that was subjected 
to silica gel column chromatography (10% MeOH: 90% CH 2 CI 2 ). This product 
was then dissolved in 2 mL of MeOH and treated with 0.5 nr»L of a 2M HCI 
aqueous solution. After 30 minutes at room temperature, the solvent was 
evaporated to give a white solid. Yield: 22%, 1 H-NMR (D 2 0): 8 7.86 (d, 1H, J 

15 = 1.7 Hz); 7.78 (d, 1H, J = 8.8 Hz); 7.54 (dd, 1H, J = 7.0, 1.9 Hz); 3.32 (q, 2H, 
J = 7.32 Hz); 1.50 (t, 3H, J = 7.3 Hz). 

Example 6: N-(2-Amino-benzothiazol-6-yl)-2-propylthiocarboximidamide 



A mixture of 1-(2-amino-benzothiazol-6-yl)thiourea (Example 3, 50 mg, 0.312 
mmol), propyl iodide (30.4 ul, 0.312 mmol), and K 2 C0 3 (129 mg, 0.936 mmol) 
in 2.5 mL of DMF was stirred at room temperature for 24 hours. The mixture 
was diluted with 20 mL of CH 2 CI 2 and filtered. The solvent was removed to 
25 give a yellow liquid. Toluene was added and a precipitate formed. The 
precipitate was filtered and dried under vacuo. Yield: 40%, 1 H-NMR (CD 3 OD): 
8 7.56(d, 1H, J = 2.4 Hz); 7.39 (d, 1H, J = 8.8 Hz); 7.11 (dd, 1H, J = 6.0, 2.9 
Hz); 3.32 (t, 2H, J = 7.4 Hz); 1.85 (q, 2H, J = 7.3 Hz); 1.10 (t, 3H, J = 7.3 Hz). 



H 
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Example 7: N-(2-Amino-benzothiazol-6-yl)-2 
isopropylthiocarboximidamide 



H 




5 

A mixture of 1-(2-amino-benzothiazol-6-yl)thiourea (Example 3, 50 mg, 0.312 
mmol), isopropyl iodide (31 pi, 0.312 mmol), and K 2 C0 3 (129 mg, 0.936 
mmol) in 2.5 mL of DMF was stirred at room temperature for 75 hours. The 
mixture was diluted with 20 mL of CH 2 CI 2 and filtered. The solvent was 

1 0 removed to give a yellow solid which was subjected to silica gel column 
chromatography (5% MeOH:95% CH 2 CI 2 ). ). This product was then 
dissolved in 2 mL of MeOH and treated with 0.5 mL of a 2M HCI aqueous 
solution. The solution was then partitioned between 10 mL of Et 2 0 and 5 mL 
of H 2 0. The aqueous layer was separated and concentrated to give the title 

1 5 compound. Yield: 37%, 1 H-NMR (D 2 0): 8 7.57 (d, 1H, J = 2.0); 7.47 (d, 1H, J 
= 8.8 Hz); 7.33 (dd, 1H, J = 7.0, 2.4 Hz); 4.13 (q, 1H, J = 6.8 Hz); 1.39 (d, 6H, 
J = 6.3 Hz). 

Example 8: N-(2-Amino-benzothiazol-6-yl)-2-methylcarboximldarnlde 




20 HBr 

A mixture of benzothiazole-2,6-diamine (Example 1, 100 mg, 0.61 mmol) and 
thioacetimidic acid naphthalene-2-yl methyl ester hydrobromide(179 mg, 0.61 
mmol) in 8 mL of anhydrous ethanol was stirred at room temperature for 16 
25 hours. The reaction mixture was concentrated and partitioned between 5 mL 
of H 2 0 and 20 mL of Et 2 0. The aqueous layer was separated and washed 
with 20 mL of Et 2 0. The aqueous layer was concentrated to give the title 
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compound as a white solid. Yield: 80%, 1 H-NMR(D 2 0): 6 7.61 (br s, 1H); 7.48 

(d, 1H, J = 8.3 Hz); 7.23 (d, 1H, J = 6.8 Hz); 2.43 (s, 3H). 

Example 9: N-(2-Amino-benzothiazol-6-yl)-2-thiophenecarboximidamide 



A mixture of benzothiazole-2,6-diamine (Example 1, 50 mg, 0.3 mmol) and 
thiophene-2-carboximidothioic acid phenyl ester hydrobromide (91 mg, 0.3 
mmol) was stirred at room temperature for 17 hours. After this time a 
10 precipitate formed. The mixture was diluted with 4 mL of Et 2 0 and filtered to 
give the title compound. Yield: 94%, 1 H-NMR (DMSO-d 6 ): 8 11.30 (br s, 1H); 
9.71 (s, 1H); 8.80 (s, 1H); 8.18 (m, 2H); 7.74 (rn, 3H); 7.29 (m, 3H). 
Example 10: N-(2,3-dihydro-N-ethyl-2-lmfno-benzothiazol-6-yl)-2- 
ethylthiocarboximidamide 



A suspension of 1-(2-amino-benzothiazol-6-yl)thiourea (Example 3, 30 mg, 
0.187 mmol), ethyl iodide (15 uL, 0.18 mmol) and K 2 C0 3 in 1 mL of DMF was 

20 heated at 85 C in a sealed tube for 24 hours. About 20 equivalents of ethyl 
iodide was added over the period of 24 hours. The reaction mixture was 
diluted with H 2 0 and extracted with 2 x 20 mL of CH 2 CI 2 . The organic layer 
was dried over Na 2 S0 4 and evaporated to give a yellow reside which was 
subjected to silica gel column chromatography (7.5% MeOH:92.5% CH 2 CI 2 ). 

25 Yield: 57.2%, 1 H-NMR (DMSO-d 6 ): 6 8.69 (s, 1H); 8.08 (d, 1H, J = 2.4 Hz); 
7.93 (d, 1H, J = 9.0 Hz); 7.44 (dd, 1H, J = 7.0, 2.4 Hz); 4.47 (q, 2H, J = 7.1 
Hz); 3.77 (q, 2H, J = 7.3 Hz); 1.31 (m, 6H). 




H 
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Example 1 1 : 6-Nitro-2-(2-pyrrolidin-1-yl-ethylamino)benzothiazole 



5 A mixture of 2-chloro-6-nitrobenzothiazole (250 mg, 1.16 mmol) and 2- 
pyrrolidin-1-yl-ethylamine (0.59 ml_, 4.66 mmol) was heated at 100 °C for 4 
hours then at 60 °C for 16 hours. After this time, the reaction mixture was 
filtered and the precipitate was washed with 2 x 5 mL of H 2 0. The solid was 
subjected to silica gel column chromatography (7.5% MeOH:92.5% CH 2 CI 2 ) to 

1 0 give the title compound as a yellow residue. Yield: 20.6%, 1 H-NMR (DMSO- 
d 6 ): 5 8.80 (br s, 1H); 8.70 (d, 1H, J = 2.4 Hz); 8.11 (dd, 1H, J - 6.8, 2.4 Hz); 
7.47 (d, 1H, J = 8.8 Hz); 3.58 (m, 2H); 2.60 (m, 6H); 1.73 (m, 2H). 
Example 1 2: 6-Amino-2-(2-pyrrolidin-1 -yl-ethylamino)benzothiazole 



A suspension of 6-nitro-2-(2-pyrrolidin-1-ylethylamino)benzothiazole (Example 
11, 50 mg, 0.17 mmol) and SnCfe (161 mg, 0.85 mmol) in 20 mL of ethanol 
(denatured) was heated at reflux for 4 hours. After cooling the mixture was 

20 partitioned between 50 mL of ethyl acetate and 20 mL of 1.0N aqueous 
NaOH. The organic layer was dried over sodium sulfate and concentrated to 
give a yellow residue which was subjected to silica gel column 
chromatography (5% 2M NH 3 /MeOH:95% CH 2 CI 2 ). Yield: 65%, 1 H-NMR 
(CD 3 OD): 8 8.70 (d, 1H, J = 8.3 Hz); 8.47 (d, 1H, J = 2.0 Hz); 8.21 (dd, 1H, J = 

25 6.3, 1.9 Hz); 5.05 (t, 2H, J = 6.3 Hz); 4.28 (t, 2H, J = 6.8 Hz); 4.14 (m, 4H); 
3.33 (m, 4H). 



15 




WO 2004/014885 ^^CT/CA2003/001185 




-34- 

Example 13: N-[2-(2-pyrrolidin-1-ylethylamino)-benzothiazol-6-yl]-2- 
thiophenecarboximidamide 




5 

6-Amino-2-(2-pyrrolidin-1-yl-ethylamino)benzothiazole (Example 12, 28 mg, 
0.11 mmoi) and thiophene-2-carboximidothioic acid phenyl ester 
hydrobromide (32 mg, 0.11 mmol) in 3 mL of ethanol (denatured) was stirred 
at room temperature for 20 hours. The solvent was removed and the residue 
10 was partitioned between 5 mL of H20 and 10 mL of Et 2 0. The aqueous layer 
was concentrated to give the title compound. 1 H-NMR (CD 3 OD): 8 8.08 (m, 
2H); 7.72 (d, 1H, J = 2.0 Hz); 7.64 (d, 1H, J = 8.0 Hz); 7.30 (m, 2H); 3.86 (t, 
2H, J = 5.9 Hz); 3.50 (m, 6H); 2.10 (m, 4H). 
Example 14: 1-Benzoyl-3-(2-fluoro-5-nitro-phenyl)-thiourea 




To 10 mL of THF was added 4-fluoro-3-nitroaniline (0.5 g, 3.2 mmol) along 
with benzoyl isothiocyanate (0.43 mL, 3.2 mmol). The resulting solution was 

20 stirred at rt for 17 hours after which, hexanes was added to the reaction 
mixture. The resulting precipitate was collected by filtration to give a beige 
solid (0.752 g, 74%). 1 H-NMR (DMSO d6) 8: 12.8 (br s, 1H), 12.0 (br s, 1H), 
9.18 (d, 1H, J = 3.9), 8.25 (m, 1 H), 8.01 (d, 2H, J = 7.7 Hz), 7.71-7.66 (m, 
2H), 7.58-7.54 (m, 2H); MS (ESI) 320.2 (M+1 , 45%), 2g9.8 (100%). 

25 Example 15: 5-Nitro-benzothiazol-2-ylamine 
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To a solution of methanol (1.6 L) was added sodium methoxide (8.64 g). 
While stirring, 1-benzoyl-3-(2-fluoro-5-nitro-phenyl)-thiourea (16 g) was added 
as a solid and the mixture stirred at room temperature for 17 hours. After this 
5 time, the reaction mixture was cooled in an ice bath and then filtered. The 
precipitate was washed with water (7.10 g, 86%). 1H-NMR 5: 8.05 (d, 1H, J 
= 2.2 Hz), 7.97 (br s, 2H), 7.93 (s, 1H), 7.90 (d, 1H, J = 2.2 Hz); MS (ESI) 
195.8 (M+1, 100%). 

Example 16: 5-amino-benzothiazol-2-ylamine 

10 




To a solution of ethanol (36 mL) was added 5-nitro-benzothiazol-2-ylamine 
(Example 15, 78 mg, 0.35 mmol) and tin dichloride dihydrate (449 rng, 2 

15 mmol). The resulting mixture was heated at 80°C for 4 hours. The solution 
was cooled to room temperature and the solvent was removed. The residue 
was dissolved in ethyl acetate and poured onto 50 mL of 1 .5 N NaOH solution 
and extracted using ethyl acetate (3 x 30 mL). The combined organic layers 
were dried over MgS04, filtered and concentrated to give a solid (43 mg, 

20 66%). 1 H NMR (DMSO d) 8: 7.23-7.19 (m, 3H), 6.59 (d, 1H, J = 1.96 Hz), 
6.32 (dd, 1H, J = 2.18, 8.28 Hz), 4.88 (br s, 2H); MS (ESI) 166 (M+1, 10O%). 
Example 17: 1-(2-Amino-benzothiazol-5-yl)-3-benzoyl-thiourea 




25 

To a solution of anhydrous THF (6.7 mL) was added 5-amino-benzothiazol-2- 
ylamine (Example 16, 1O0 mg, 0.61 mmol) and benzoyl isothiocyanate (0.08 
mL, 1 equiv). The resulting mixture was stirred at room temperature for 2 
hours, after which the solvent was evaporated and the residue was washed 
30 with a 1:1 mixture of ether/hexanes (0.164 g, 83%). 1 H NMR (DMSO d6) 5: 
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12.61 (s, 1H), 11.53 (s, 1H), 7.99 (d, 1H, J = 3.9 Hz), 7.76 (s, 1 H), 7.69-7.65 
(m, 2H), 7.59-7.53 (m, 4H), 7.25-7.23 (d, 1H, J = 3.9 Hz); MS (ESI) 328.8 
(M+1, 100%), 

Example 18: (2-Amino-benzothiazol-5-yl)-thiourea 

5 

To a solution of anhydrous methanol (213 mL) was added sodium methoxide 
(1.15 g) and 1-(2-amino-benzothiazol-5-yl)-3-benzoyl-thiourea (Example 17, 

10 3.5 g). The resulting mixture was stirred at room temperature for 3 hours. 
The mixture was concentrated and the residue was poured into water (300 
mL). The mixture was extracted using ethyl acetate (3 x 200 mL). The 
combined organic fractions were dried over magnesium sulfate, filtered and 
concentrated (1.61 g, 67%). 1 H-NMR (DMSO d6) 8: 9.64 (s, 1H), 760-7.37 

15 (m, 6H), 6.96 (d, 1H, J =8.3 Hz); MS (ESI) 224.8 (M+1 , 100%). 
Example 19: 1-(2-Amino-benzothiazol-5-yl)-3-ethyl-thiourea 

H H H 

20 To a solution of the urea of Example 19 (50 mg) in anhydrous DMF (2.5 mL) 
was added ethyl iodide (18 p.L) and K 2 C0 3 (138 mg). The resulting mixture 
was stirred at room temperature for 22 hours. The mixture was poured into 
water (25 mL) and extracted using dichloromethane (3 x 25 mL). The 
combined organic layers were dried over magnesium sulfate, filtered and 

25 concentrated. The residue was chromatographed on silica gel using a 
solution of 10% methanol and 90% dichloromethane (18.8 mg, 45%). 1 H 
-NMR (CDCI 3 ) 5: 7.48 (d, 1H, J = 8.3), 6.97 (d, 1H, J = 1.9 Hz), 6.67 (dd, 1H, 
J = 8.3, 1 .9 Hz), 2.97 (q, 2H, J = 7.3 Hz), 1 .33 (t, 3H, J = 7.3); MS (ESI) 252.8 
(M+1, 1O0%). 
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Example 20: N-(2-Amino-benzothiazol-5-yl)-thiophene-2-carboxamidine 
hydrobromlde 



To a solution of the amino urea compound (Example 18, 35 mg, .21 mmol) in 
ethanol (1.4 mL) was added thiophene-2-carboximidothioic acid phenyl ester 
hydrobromide (63.7 mg, 0.21 mmol). The mixture was stirred at room 
temperature for 17 hours and then diluted with diethyl ether. The light yellow 
0 precipitate was collected by filtration (64.8 mg, 93%). 1 H-NMR (DMSO d6) S: 
1 1.36 (br s, 1H), 9.72 (br s, 1H), 8.83 (br s, 1H), 8.17 (d, 1H, J = 4.68 Hz) 
Example 21 : N5-Thiazol-2-yl-benzothiazole-2,5-diamine 



5 To a solution of ethanol (12 mL) was added the urea compound (Example 1 8, 
50 mg, 0.22 mmol) along with chloroacetyaldehyde (0.12 mL, 0.94 mmol). 
The resulting mixture was heated at reflux for 24 hours. The mixture was then 
cooled to room temperature and the solvent was evaporated. Water (25 mL) 
was added to the residue and the pH was adjusted to 9 using sodium 

10 carbonate solution. The mixture was extracted using ethyl acetate (3x15 
mL). The combined organic layers were dried over MgS0 4 , filtered and 
concentrated (18.8 mg, 33%).%). 1 H-NMR (CDCfe) 8: 7.66 (d, 1H, J = 2.2 
Hz), 7.47 (d, 1H, J = 8.54), 7.21-7.18 (m, 2H), 6.73 (d, 1H, J = 3.9 Hz); MS 
(ESI) 248.8 (M+1, 100%). 



HBr 
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Example 22(a): [2-(4-Bromo-phenyl)-ethyl]-(6-nitro-benzoth iazol-2-yl)- 



2-Chloro-6-nitro-benzothiazol (200 mg, 0.93 mmol) was placed in a 15 ml vial 
equipped with a stirring bar and septum. The vial was purged with argon and 
charged with DMF (1.0 ml). Diisopropyl-ethylamine (0.37 ml, 2 eq.) was 
added resulting in a reddish solution. 2-(4-Bromo-phenyl)-ethylamine (186 
mg, 1 eq.) in DMF (1.0 ml) was added via syringe. The dark solution was 
then heated to 110 °C for 30 minutes in an aluminum block. The mixture was 
cooled in an ice bath and diluted with water (10 ml) while stirring vigorously. 
A dark precipitate formed. An additional 5 ml of water was added after stirring 
for 10 minutes and the product then collected by vacuum filtration. The 
product was washed with distilled water (2x10 ml) and dried under suction. 
The sample was dried under high vacuum (0.8 torr, 110 °C, 20 hours) to give 
a solid (198 mg, 61%). 1 H NMR (CDCfe) 8: 8.5 (s, 1H), 8.21 (br d, 1H, J=7.7 
Hz), 7.48 m (3H), 7.10 (d, 2H, J=7.7 Hz); 5.68 (br s, 1H), 3.75 (br t, 3H), 2.99 
(brt, 3H). 

In a like manner, the following additional compounds were prepared: 
(b) (6-Nitro-benzothiazol-2-yl)-(tetrahydro-pyran-4-yl)-amine 

/—o 



Yield: Yellow solid (179 mg, 69%). 1 H NMR (CDCI 3 ) 8: 7.38 (d, 1H, J=8.9 
Hz), 6.96 (d, 1H, J=2.4 Hz), 6.70 (dd, 1H, J=8.9, 2.4 Hz), 3.83 (m, 5H), 3.55 
(m, 4H), 2.93 (m, 1H). 

(c)(6-Nitro-benzothiazol-2-ylH2-pyridin-2-yl-ethyl)-amine 



amine 
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NH 



Yield: Yellow solid (145 mg, 52%). 1 H NMR (CDCI 3 ) 8: 8.6-8.49 (m, 2H), 
8.22-8.18 (m, 1H), 7.64 (m, 1H), 7.50 (d, 1H, J=8.9 Hz), 7.22 (m, 3H), 3.91 (br 
t, 2H), 3.20 (t, 2H, J=5.6 Hz). 

Example 23(a): 4-(6-Nitro-benzothiazol-2-ylamino)-butan-1-ol 



In an oven fried vial charged with 4-amino-1-butanol (172 u.1, 2 eq.), 2-chloro- 
6-nitro-benzothiazol (200 mg, 0.93 mmol) and diisopropyl-ethylamine (1 ml) 
was added DMF (5 ml). The dark brown mixture was heated at 100 °C for 2 
hours. After cooling, the mixture was diluted with 20 ml of water and 
extracted with ethyl acetate (50 ml). The ethyl acetate layer was washed with 
brine, dried over MgS0 4 and then evaporated to give a dark residue. This 
residue was subjected to silica gel chromatography (7% 2M 
ammonia/methanol in CH 2 CI 2 ) to give the desired product (45 mg, 18%): 1 H 
NMR (CD 3 OD) 8: 8.55 (d, 1H, J=2.3 Hz), 8.17 (dd, 1H, J=2.3, 8.9 Hz), 7.47 (d, 
1H, J=8.9 Hz), 3.63 (m, 3H), 3.53 (t, 2H, J=6.8 Hz), 1.80-1.75 (m, 2H), 1.70- 
1.65 (m, 2H); MS (M+1, 268). 

In a like manner the following additional compounds were prepared: 
(b)[2-(3H-lmidazol-4-yl)-ethyl]-(6-nitro-benzothiazol-2-yl)-amine 

HN^N 



Yield: 80 mg (30%) of a solid. 1 H NMR (CD3OD) 8: 8.50 (d, 1H, J=2.5 Hz), 
8.14 (dd, 1H, J=2.5, 8.9 Hz), 7.64 (s, 1H),7.44 (d, 1H, J=8.9 Hz), 6.92 (s, 1H), 
3.75 (t, 2H, J=7.0 Hz), 2.98 (t, 2H, J=7.0 Hz); MS (M+1, 290). 



OH 
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(c) (3-lmidazo!-1-yl-propyl)-(6-nitro-benzothiazol-2-yl)-amine 




Yield: 70 mg (25%). 1 H NMR (CD 3 OD) 8: 8.52 (d, 1H, J=2.0 Hz), 8.15 (dd, 
1H, J=2.0, 8.9 Hz), 7.71 (s, 1H), 4.18 (t, 2H, J=6.9 Hz), 3.50 (t, 2H, J=6.9 Hz), 
5 2.20 (m, 2H); MS (M+1 , 304). 

(d) [2-(3-Chloro-phenyl)-ethyl]-(6-nitro-benzothiazol-2-yl)-amine 



Yield: 433 mg (70%). 

Example 24: (1-Benzyl-piperidin-4-yl)-(6-nitro-benzothiazol-2-yl)-amine 

/— Ph 



2-ChIoro-6-nitro-benzothiazol (200 mg, 0.93 mmol) was placed in a 15 ml vial 
equipped with a stribar and septum. The vial was purged with argon and 
charged with DMF (1.0 ml). Diisopropyl-ethylamine (0.37 ml, 2 eq.) was 
added resulting in a reddish solution. Amino-4-benzylpiperidine (1 77 mg, 1 

15 eq.) in DMF (1.0 ml) was added via syringe. The dark solution was then 
heated to 110 °C for 30 minutes in an aluminum block. The mixture was 
cooled in an ice bath and diluted with water (10 ml) while stirring vigorously. 
The compound oiled out. Ethyl acetate (25 ml) was added followed by 2 M 
NaOH (5 ml) was added and the layers shaken and separated. The aqueous 

20 phase was extracted with ethyl acetate (25 ml). The combined organic 
fractions were washed with brine (2 x 24 ml), dried over MgS0 4 , filtered and 
evaporated to give a brown oil. The oil was purified by chromatography on 
silica gel (2% 2M ammonia/methanol in CH 2 CI 2 ) to give a yellow foam (166 
mg, 47%). 1 H NMR (CDCI 3 ) 5: 8.50 (d, 1H, J=2.4 Hz), 8.20 (dd, 1 H, J=2.4, 




10 
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8.9 Hz), 7.51 (d, 1H, J=8.9 Hz), 7.32 (m, 5H), 5.63 (d, 1H, J=6 Hz), 3.70 (br s, 
1H), 3.55 (s, 2 H), 2.89 (m, 2H), 2.28-2.11 (m, 4H), 1.73-1.56 (m, 2 H). 
Example 25(a): [2-(1 -Methy l-pyrrolidin-2-yl)-ethyl]-(6-nitro-benzothiazol- 
2-yl)-amine 



To a pressure bottle charged with 2-amino-6-nitro-benzothiazole (0.50 g, 2.56 
mmol), 2-(2-chloro-ethyl)-1-methyl-pyrrolidine hydrochloride (0.57 g, 1.2 eq.) 
and K 2 C0 3 (1.06 g, 3 eq.) was added dry DMF (5 ml_). The mixture was 
heated at 130 °C for 24 hours. After cooling to room temperature, the 

0 reaction mixture was poured into water (100 ml) and extracted with ethyl 
acetate (3 x 100 ml). The combined organic fractions were dried over MgS0 4 , 
filtered and concentrated. The residue was chromatographed on silica gel 
(10% ammonia/methanol in CH 2 CI 2 ) (177 mg, 23%). 1 H NMR (CDCI 3 ) 6: 8.25 
(d, 1 H, J=1.8 Hz), 7.87 (dd, 1H, J=1.8, 8.7 Hz), 7.59 (d, 1 H, J=8.7 Hz), 3.54 

5 (m, 2H), 3.43 (m, 2H), 2.40 (m, 1H), 2.33 (s, 4H), 2.17 (dd, 1H, J=8.9, 17.7), 
1.93-1.66 (m,6H). 

In a like manner, the following additional compound was prepared: 
(b) N,N-Dimethyl-N'-(6-nitro-1 H-inden-2-yl)-ethane-1 ,2-diamine 



»0 In a similar manner from 2-amino-6-nitro-benzothiazole and 2- 
chloroethylamine hydrochloride, the title compound was obtained after 
chromatography on silica (215 mg, 32%). 1 H NMR (CD3OD) 8: 8.17 (d, 1H, 
J=1.65 Hz), 7.91 (dd, 1H, J=1.7, 8.4 Hz), 7.76 (d, 1H, J=8.4 Hz), 3.64 (t, 2 H, 
J=6.7 Hz), 2.70 (t, 2H, J=6.7), 2.37 (s, 6H). 



5 





NMe 2 
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Example 26: (2-Morpholin-4-yl-ethyl)-(6-nitro-b©nzothiazol-2-yl)-amine 



To a mixture of 2-chloro-6-nitrobenzothiazole (1.00 g, 4.66 mmol) in water 
(9.0 ml) was added 2-morpholin-4-yl-ethylamine (245 ml, 18.6 mmol). The 

5 dark reaction mixture was stirred under argon and refluxed for 4.5 hours at 
which time the reaction became red-brown in colour. The mixture was then 
cooled to 65 C and stirred an additional 17.75 hours. The precipitate was 
then collected by suction filtration after cooling to room temperature giving a 
yellow solid (377 mg, 26%). 1 H NMR (DMSO-d 6 ) 8: 8.69 (d, 1H, J=2.1 Hz), 

10 8.10 (dd, 1H, J=2.1, 8.9 Hz), 7.46 (d, 1H, J=8.9 Hz), 3.59 (m, 6H), 2.55 (t, 2H, 
J=6.2 Hz), 2.51 (m, 4H), 2.43 (m, 4H). 

Example 27(a): N2-(2-Py rid in-2-yl-ethy l)-benzothiazole-2,6-diam i ne 



(6-Nitro-benzothiazol-2-yl)-(2-pyridin-2-yl-ethyl)-amine (Example 22(c), 46.6 
15 mg, 0.155 mmol) and tin(ll) chloride dihydrate (175 mg, 5 eq) and ethanol 
(reagent grade, 5 mL) were heated in a sealed vial at 88-90 °C for 4 hours. 
The solution was diluted with 3N NaOH (3 mL) and ethyl acetate (5 ml). The 
layers were separated and the aqueous layer extracted with ethyl acetate (2 x 
5 ml). The combined ethyl acetate extracts were dried over MgS0 4 , filtered 
20 and evaporated. The solid was subjected to chromatography on silica gel 
(5% 2M ammonia/methanol in CHaCfe) giving green foam. Yield (37.3 mg, 
89%). 1 H NMR (CDCI 3 ) 8: 8.53 (m, 1H), 7.58 (dd, 1H, J=7.7, 9.6 Hz), 7.35- 
7.26 (m, 2H), 7.18-7.10 (m, 2H), 6.90 (d, 1H, J=2.4), 6.65 (dd, 1H, J=2.4, 8.9 
Hz), 6.16 (br s, 1H), 3.81 (t, 2 H, J=6.1 Hz), 3.2 (br s, NH 2 ), 3.13 (t, 2H, 
25 J=6.1). 





In a like manner, the following additional compound was prepared: 
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(b) N2-(1-Benzyl-piperidin-4-yl)-benzothiazole-2,6-diamine 

o 



i — N 




In a like manner from (1-benzyl-piperidin-4-yl)-(6-nitro-benzothiazol-2-yl)- 
amine (Example 24), a yellow oil was obtained after purification by 
5 chromatography (5% 2M ammonia/methanol in CH 2 CI 2 (42.3 mg, 81%). 1 H 
NMR (CDCI 3 ) 5: 7.4-7.2 (m, 6H), 6.91 (d, 1H, J=2.0 Hz), 6.66 (dd, 1H, J=2.0, 
8.5 Hz), 5.20 (br s, 1H), 3.59 (br s, 2H), 3.51 (s, 2H), 2.85-2.70 (m, 2 H), 2.25- 
2.05 (m, 4H), 1 .7-1 .5 (m, 2 H). 

Example 28 : N2-[2-(1 -Methyl-pyrrolidin-2-yl)-ethyl]-benzothiazole-2,6- 
1 0 diamine 




To 5 ml of ethanol was added [2-(1-Methyl-pyrrolidin-2-yl)-ethyl]-(6-nitro- 
benzothiazol-2-yl)-amine (Example 25(a), 177.4 mg, 0.577 mmol) and tin(ll) 
chloride dihyrdate (948 mg, 5 eq.). The resulting solution was heated at reflux 

15 for 4 hours. After cooling to room temperature, the mixture was poured onto 
100 ml of a 1.5 M NaOH solution. The mixture was extracted using ethyl 
acetate (3 x 100 ml). The combined organic fractions were dried over 
MgS04, Altered and concentrated. The residue was chromatographed on 
silica gel using 10% 2M ammonia/methanol in dichloromethane (98.4 mg, 

20 62%). 1 H NMR (CDCI 3 ) 5: 7.32 (d, 1H, J=8.5 Hz), 6.91 (d, 1H, J=1.9 Hz), 
6.49 (dd, 1H, J=1.9, 8.5 Hz), 3.67 (br s, NH 2 ), 3.51 (m, 2 H), 3.13-3.09 Cm, 1 
H), 2.36 (s, 4H), 2.19 (m, 1H), 1.93-1.68 (m, 6H). 
Example 29: N2-(2-Dimethylamino-ethyl)-benzothiazole-2,6-diamine 

NMe 2 

H 2 N V^V- S \ 



-NH 
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To a solution of N,N-dimethyl-N'-(6-nitro-1H-inden-2-yl)-ethane-1,2-diamine 
(Example 25(b), 200 mg, 0.75 mmol) dissolved in ethanol (6.7 ml) was added 
tin(ll) chloride dihydrate (1.23 g, 5 eq.). The resulting mixture was refluxed for 
4.5 hours. After cooling to room temperature, the solvent was evaporated. 
The residue was partitioned between 1.5 N NaOH (100 ml) arid ethyl acetate 
(100 ml). The aqueous phase was extracted with ethyl acetate (2 x 100 ml). 
The combined organic fractions were dried over MgS0 4 , filtered and 
concentrated. The residue was chromatographed on a silica gel column (10% 
2M ammonia/methanol in CH 2 CI 2 ) to give the aniline (98.2 mg, 56%). 
Example 30: 4-(6-Amino-benzothiazol-2-ylamino)-butan-1-ol 

OH 



To a solution of the nitro compound (Example 23(a). 83 mg, 0.31 mmol) in 
ethanol (6 ml) was added tin(ll) chloride dihydrate (350 mg, 1.55 mmol). The 
reaction mixture was heated at reflux under argon for 2.5 hours. The solution 

» was cooled to room temperature and diluted with ethyl acetate (50 ml). The 
organic layer was extracted with 3N NaOH (3 x 30 ml). The organic extracts 
were dried over MgS0 4 , filtered and concentrated. The resulting oil was 
purified by silica gel chromatography (5% 2M ammonia/methanol in CH 2 Cl 2 ) 
to afford a dark yellow solid (72 mg, 98%). 1 H NMR (CD 3 OD) 8: 7.22 (d, 1 H, 

) J=), 7.01 (s, 1H), 6.74 (d, 1H, J=6.9 Hz), 3.61 (s, 2 H), 3.41 (s, 2H), 3.33 (s, 
1H, OH), 1.73 (b s, 2H), 1.66 (b s, 2H). 

Example 31: N2-(3-lmidazol-1-yl-propyl)-benzothiazole-2,6-diamine 



To a solution of the nitro compound (Example 23(c), 50 mg, 0.16 mmol) in 
5 ethanol (3 ml) and THF (2 ml) was added tin(ll)chloride dihydrate (190 mg, 
0.84 mmol). The solution was heated to reflux under argon for 3.5 hours. 
The solution was cooled to room temperature and diluted with ethyl acetate 
(50 ml). The solution was extracted with 3N NaOH (3 x 30 ml). The organic 
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layer was dried over MgS04, filtered and concentrated. The resulting oil was 
purified by chromatography on silica (10% 2M ammonia/methanol in CH 2 CI 2 ) 
to give the desired product (32.4 mg, 74%). 

Example 32: N2-[2-(3-Chloro-phenyl)-ethyl]-benzothiazole-2,6-diamine 

To a solution of the nitro compound (Example 23(d), 432 mg, 1.29 mmol) in 
ethanol (5 ml) and THF (3 ml) was added tin(ll) chloride dihydrate (1 .46 g, 
6.47 mmol). The solution was stirred at reflux for 3.5 hours. The solution was 
cooled to room temperature and extracted with 3N NaOH (3 x 30 ml). The 
10 organic extracts were dried with MgS0 4 , filtered and concentrated. The 
resulting oil was purified by silica gel chromatography (2.5% 2M 
ammonia/methanol in CH 2 CI 2 ) to afford a dark yellow solid (168 mg, 43%). 
Example 33(a): N2-[2-(4-Bromo-phenyl)-ethyl]-benzothiazole-2,6-diamine 



Br 



H 2 I 




15 [2-(4-Bromo-phenyl)-ethyl]-(6-nitro-benzothiazol-2-yl)-amine (Example 22(a), 
108.5 mg, 0.364 mmol) and tin(ll) chloride dihydrate (411 mg, 5 eq.) were 
placed in a flask equipped with a septum and stirring bar. The flask was 
purged with argon and ethanol (reagent grade, 10 ml) was added. The yellow 
solution was then refluxed for 5 hours and the solvent evaporated. The thick 

20 yellow oil was dissolved in ethyl acetate (20 ml) and extracted with 3N sodium 
hydroxide solution (3x5 ml). The aqueous phase was extracted with ethyl 
acetate (10 ml) and the combined extracts dried over MgS0 4l filtered and 
concentrated. The reddish oil was purified by chromatography on silica gel 
(1:1 hexanes/:ethyl acetate). Yield: 71.2 mg. 1 H NMR (CDCfe) 5: 7.43 (d, 2H, 

25 J=8.5), 7.35 (d, 1H, J=8.5), 7.08 (d, 2H, J=8.5 Hz), 6.92 (d, 1H, J=2.4 Hz), 
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6.87 (dd, 1H, J=2.4, 8.5), 5.35 (br s, 1 H), 3.62 (t, 2 H, J=6.9), 3.5 (br s, 2H), 

2.92 (t, 2 H, J=6.9). 

In a like manner the following additional compound was prepared: 
(b) N2-(Tetrahy dro-py ran-4-y l)-benzothiazole-2,6-d iamine 

y—O 

From Example 22(b). Yellow solid (34.1 mg, 64 %). 1 H NMR (CDCI 3 ) 5: 7.36 
(m, 1H), 6.95 (m, 1H), 6.7 (m, 1H), 5.1 (br s, 1H), 3.85 (m, 4H), 3.6 (br s, 2H), 

2.93 (m, 4H). 

Example 34: N2-t2-(3H-lmidazol-4-yl)-ethyl]-benzothiazole-2,6-diamine 



HN^N 




To a solution of [2-(3H-lmidazol-4-yl)-ethyl]-(6-nitro-benzothiazol-2-yl)-amine 
(Example 23(b), 80 mg, 0.28 mmol) in ethanol (5 ml) and THF (1.5 ml) was 
added tin(ll) chloride dihydrate (312 mg, 5 eq.). The mixture was heated at 
reflux for 2 hours. The reaction mixture was cooled to room temperature, 

15 diluted with ethyl acetate (50 ml) then treated with 2 M aqueous NaOH (20 
ml). The organic layer was separated, dried over MgS0 4 and concentrated to 
give a yellow residue. The residue was subjected to silica gel column 
chromatography (10-15% 2M ammonia/methanol in CH 2 CI 2 ) to give the final 
product (41 mg, 66%). 1 H NMR (CD 3 OD) 5: 7.65 (s, 1H), 7.23 (d, 1H, 8.5 

20 Hz), 6.98 (d, 1H, J=1.8 Hz), 6.91 (s, 1H), 6.72 (dd, 1 H, J=1.8, 8.5 Hz), 3.64 (t, 
2H, J=7.3 Hz), 2.95 (t, 2H, J=7.3Hz). 

Example 35: N2-(2-Morpholin-4-yl-ethyl)-benzothiazole-2,6-diamine 

-Q 



N 

H 2 N^^S /—f 



o 
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A mixture of (2-morpholin-4-yl-ethyl)-(6-nitro-benzothiazol-2-yl)-amine 
(Example 26, 250 mg, 0.81 mmol) and tin(ll) chloride dihydrate (914 mg, 5 
eq.) in ethanol (30 ml) was heated at reflux for 6 hours. The reaction mixture 
was concentrated, treated with 1 .0 N NaOH solution (50 ml), and extracted 
5 with ethyl acetate (2 x 100 ml). The organic layer was dried over MgSCU, 
concentrated and subjected to silica gel chromatography (10% 2M 
ammonia/methanol In CH 2 CI 2 ) to give the desired amine (175 mg, 77%). 
LCMS analysis (acetonitrile water, C18 silica) reveals 99.9% purity. MS (M+1 , 
279). 

10 Example 36: Preparation of Ann idines 

Using the procedure described in Example 13, the following compounds were 
prepared: 

( a ) N-[2-(Tetrahydro-pyran-4-ylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine 



From Example 33(b). Yield: 22 mg of yellow oil. 1 H NMR (CDCI 3 ) 5: 7.55- 
7\38 (m 3 H), 7.31-7.24 (m, 1H), 7.11-7.08 (m, 1H), 6.99-6.93 (m, 1H), 4.91 
(br s, 1 H), 3.86-3.81 (m, 4H), 3.5 (t, 1H) 2.99-2.97 (m, 4H). MS (360, M+). 
(b) N-{2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-thiophene-2- 

20 carboxamidine 



From Example 33(a). Yield: 30.4 mg of beige solid, 63% (HBr salt). An 
analytical sample was prepared by silica gel chromatography purification 
(2.5% 2M ammonia/methanol in dichloromethane) 1 H NMR (CDCI 3 ) 5: 7.55 (d, 
25 J = 8.6), 7.48-7.43 (m, 4H), 7.48-7.43 (m, 3H), 7.28 (s, 2H), 7.15-7.10 (m, 3H), 



15 




Br 
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7.0-6.97 (m, 1H), 5.32 (br s, 1H), 4.88 (br s, 2H), 3.71 (t, 2H, J=6.8), 2.99 (t, 
2H, J=6.8). MS (M+1; 457, 459). 

(c) N-[2-(2-Pyridin-2-yl-ethylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine 



From Example 27(a). Yield: 42.5 mg of yellow solid, 67% (HBr salt). An 
analytical sample was obtained by purification using silica gel chromatography 
(5% 2M ammonia/methanol solution in dichloromethane) to give a yellow oil. 
1H NMR (CDCI 3 ) 8: 8.57 (d, 1H, J=4.2), 7.63 (m, 1H), 7.51 (d, 1H, J=8.4), 
0 7.45-7.42 (m, 2H), 7.23-7.19 (m, 3H), 7.10-7.09 (m, 1H), 6.96-6.94 (dd, 1H, 
J=1.65, 8.7 Hz), 6.28 (br s, 1H), 4.91 (br s, 2H), 3.88 (t, 2H, J=6.9 Hz), 3.18 (t, 
2H,J=S.4Hz). MS (M+1, 380). 

(d) N-[2-(1-Benzyl-piperidin-4-ylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine 



From Example 27(b). Yield: 52.4 mg, 0.09 mmol of a solid, 79% (HBr salt). 
The free base was prepared dissolving in methanol (1 ml) and diluting with 
ethyl acetate (10 ml) and washing with saturated sodium bicarbonate solution 



10 combined organic layers dried over MgS0 4 , filtered and concentrated to give 
a yellow oil (41.1 mg, 0.09 mmol). 1 H NMR (CDCI3) 5: 7.51 (d, 1H, J=8.5 Hz), 
7.45-7.42 (m, 2H), 7.35-7.34 (m, 4H), 7.29-7.28 (m, 1H), 7.24 (d, J=1.8), 7.10 
(m, 1H), 6.96 (dd, 1H, J=1.8, 8.5), 5.18 (br s, 1 H), 4.85 (br s, 2H), 3.68 (bs, 
1H), 3.56 (s, 2H), 2.87 (br d, 2H), 2.24 (t, 2H), 2.15 (brd, 2 H), 1.67 (q, 2H). 

15 MS (M+1, 448). 





(5 ml). The aqueous phase was extracted with ethyl acetate and the 
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(e) N-{2-[2-(3H-lmidazol-4-yl)-ethylamino]-benzothiazol-6-yl>-thiophene-2- 
carboxamidine 



From Example 34. Yield: 27 mg (49%) of yellow solid. 1 H NMR (CD 3 OD) 5: 
5 7.66 (d, 1H, J=3 Hz), 7.61 (s, 1H), 7.59 (d, 1H, J=4.8 Hz), 7.45 (d, 1H, 8.2), 
7.25 (d, 1H, J=1.8 Hz), 7.14 (t, 1H, J=4.4 Hz), 6.95 (dd, 1H, J=1.8, 8.0 Hz), 
6.90 (s, 1H), 3.69 (t, 2H, J=7 Hz), 3.37 (s, 2H), 3.33 (d, 1H, J=1.8 Hz), 2.97 (t, 
2H,J=7Hz). MS(M+1,369). 

(f) N-[2-(2-Morpholin-4-yl-ethylamino)-benzothiazol-6-yl]-thiophene-2- 
10 carboxamidine 



From Example 35. Yield: 115 mg (82%) of a yellow solid. 1 H NMR (DMSO-d 6 ) 
S: 7.74-7.70 (m, 2 H), 7.60 (d, 1H, J=4.9 Hz), 7.31 (d, 1H, J=8.5 Hz), 7.15 (s, 
-1H), 7.10 (t, J=4.4 Hz), 6.73 (d, 1H, J=7.4), 6.40 (br s, 2H), 3.61-3.58 (m, 4 
15 H), 3.50-3.45 (m, 2H), 2.53 (m, 2H), 2.44 (m, 4H). MS (M+1 , 388). 

i g ) N-[2-(2-Dimethylamino-ethylamino)-benzothiazol-6-yl]-thiophiene-2- 

carboxamldine 



From Example 29. Yield: 76 mg (77%) of an oil. 1 H NMR (CDCfe) 8: 7.49 (d, 
20 1H, J=8.2 Hz), 7.42 (m, 2 H), 7.17 (s, 1H), 7.06 (t, 1H, J=4.2 Hz), 6.74 (dd, 
1H, J=1.4, 8.1 Hz), 6.15 (br s, 1H), 4.95 (br s, 2H), 3.48 (t, 2H, J=5.73 Hz), 
2.57 (t, 2H, J=5.7 Hz), 2.27 (s, 6H); MS (M+1, 346) 
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( h ) N-{2-[2-(1 -Methy l-pyrroiid in-2-y l)-ethy lamino]-benzothiazol-6-yl}- 
thiophene-2-carboxamidine 




From Example 28. Yield: 123 mg (93%). 1 H NMR (CDCI 3 ) 5: 7.47 (d, 1H, 
5 J=8.3 Hz), 7.42 (m, 2H), 7.21 (brs, 1H), 7.14 (d, 1H, J=1.7 Hz), 7.04 (m, 1H), 
6.71 (d, 1H, J=7.4 Hz), 5.01 (brs, 2H), 3.46 (m, 2 H), 3.06 (m, 1H), 2.31 (s, 
4H), 2.14 (dd, 1H), 1.9-1.6 (m, 6H); MS (M+1, 386) 

(i) N-{2-[2-(3-Chloro-phenyl)-ethylamino]-benzothiazol-6-yl}-thiophene-2- 
carboxamidine 



From Example 32. Yield: 130 mg (48%) of a shiny gold-colored solid. 1 H NMR 
(CDCI 3 ) 5: 7.51 (d, 1H, J=8.3 Hz), 7.44 (m, 2 H), 7.26 (m, 4H), 7-14-7.10 (m, 
2H), 6.96 (dd, 1H, J=1.2, 7.9 Hz), 5.49 (b s, 1H), 4.92 (b s, 2H), 3.70 (t, 2H, 
J=6.9 Hz), 2.99 (t, 2H, J=6.9 Hz). 
15 0) N-[2-(4-Hydroxy-butylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine 



From Example 30. Yield: 44.9 mg of a dark yellow-brown oil (35%). 1 H NMR 
(CDCI3) 6: 7.53 (d, 1H, J=8.2 Hz), 7.45 (m, 2H), 7.24 (s, 1H), 7.12 (d, J=3.5 
20 Hz), 6.97 (d, 1H, J=8.4 Hz), 3.76 (t, 2H), 3.51 (m, 3H), 1.83 (m, 2H), 1.74 (m, 
2H). 



10 





OH 
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( k) N-[2-(3-lmidazol-1 -yl-propylamino)-benzothiazol-6-yl]-thiophene-2- 
carboxamidine 



From Example 31. Yield: 38 mg of a thick yellow oil (78%). 1 H NMR (CDCfe) 
5 8: 7.55 (m, 2H), 7.45 (m, 2H), 7.28 (m, 1H), 7.11 (s, 2H), 6.98 (s, 2H), 5.33 (b 
s, 1H), 4.90 (b s, 2H), 4.13 (m, 2H), 3.50 (m, 2H), 2.23 (m, 2H). 
Example 37: 1-Benzoyl-3-[2-(1-benzyl-piperidin-4-ylamino)-benzothiazol- 
6-yQ-thiourea 



10 N2-(1-Benzyl-piperidin-4-yl)-benzothiazole-2,6-diamine (Example 27b, 39 mg, 
0.12 mrnol) was stirred with benzoylisothiocyanate (17 jjJ, 1.1 eq.) in dry THF 
at room temperature under argon for 24 hours. The solvent was evaporated 
to give a yellow oil. The oil was purified by chromatography on silica gel (30% 
ethyl acetate/hexanes) to give a yellow oil (60.7 mg, 100%). 

15 Example 38: [2-(1-Benzyl-piperidin-4-ylamino)-benzothiazol-6-yl]- 
thiourea 



1-Benzoyl-3-[2-(1-benzyl-piperidin-4-ylamino)-benzothiazol-6-yl]-thiourea 
(Example 37, 29 mg, 0.058 mrnol) was placed in an argon purged flask. THF 
20 (3 ml) was added followed by 2M NaOH (0.13 ml, 4.4 eq.). The mixture was 
heated to reflux for 44 hours. The solvent was evaporated. The mixture was 
diluted with water (2 ml) and ethyl acetate (10 ml). The layers were separated 
and the aqueous phase (saturated with NaCI) extracted with ethyl acetate (2 x 
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10 ml). The combined organic fractions were dried over MgS0 4l filtered and 
evaporated to give a yellow oil which was dried under high vacuum overnight, 
(crude yield: 25.2 mg). The product was used directly in the subsequent step 
(Example 39). 

5 Example 39: N2-(1-BenzyI-piperidin-4-yl)-N6-thiazol-2-yl-benzothiazole- 
2,6-diamine 



A mixture of N2-(l-Benzyl-piperidin-4-yl)-benzothiazole-2,6-diamine (Example 
27(b), 25.2 mg, 0.063 mmol) and 50% aqueous chloroacetaldehyde (20 \iL) 

10 were refluxed in ethanol for 5 hours. An additional 70 \iL were added and 
refluxed continued for 24 hours and then at room temperature for 3 days. The 
solvent was removed and the product subjected to chromatography on silica 
gel (2.5-10% 2M ammonia/methanol in CH2CI2) to give a yellow oil (10-3 mg, 
39%). 1 H NMR (CDCI3) 5: 7.76 (d, 1H, J=2.1 Hz), 7.48 (d, 1H, J=8.6 Hz:), 7.35 

15 (m, 5H), 7.32-7.26 (m, 3H), 7.20 (dd, 1H, J=2.2, 8.4 Hz), 6.60 (d, 1H f J=3.6 
Hz), 5.40 (br s, 1H), 3.67 (m, 1H), 3.57 (s, 2H), 2.9-2.87 (m, 2H) 2.25 (t, 2H), 
2.17-2.13 (m, 2H), 1.71-1.62 (m, 2H). MS (M+1, 422). 

Example 40 : 1 -Benzoyl-3-{2-[2-(4-bromo-pheny l)-ethy lamino]- 
benzothiazol-6-yl}-thiourea 



N2-[2-(4-Bromo-phenyl)-ethyl]-benzothiazole-2,6-diamine (Example 33(a), 71 
mg, 0.205 mmol) was dissolved in tetrahydrofuran (3 ml). Benzoyl 
isothiocyanate (20 |xl, 1.1 eq) was added and the mixture stirred at room 
temperature for 24 hours. The solvent was evaporated to give a yellow solid. 
15 The solid was dissolved in CH2CI2 (5 ml) and absorbed onto silica gel. The 




Br 
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absorbed compound was loaded onto a silica column and eluted with a 



NMR (CDCI 3 )5: 12.61 (s, 1H), 9.10 (s, 1H), 8.19 (s, 1H), 7.90 (d, 2H, J=8.5 
Hz), 7.67-7.43 (m, 8H), 7.12 (d, 2H, J=8.5 Hz), 3.69 (t, 2H, J=6.9 Hz), 2.97 (d, 
5 2H, J=6.9 Hz). 

Example 41 : {2-[2-(4-Bromo-pheny l)-ethylamino]-benzothiazol-6-yl}- 
thiourea 



1-Benzoyl-3-{2-[2-(4-bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-thiourea 
10 (Example 38, 71.1 mg, 0.139 mmol) was dissolved in tetrahydrofuran (3 ml). 
Aqueous NaOH (2M, 0.3 ml) was added and the mixture refluxed under argon 
for 44 hours. The mixture was cooled to room temperature and the solvent 
evaporated. Water (2 ml) and ethyl acetate (10 ml) were added and the 
layers separated. The aqueous phase was saturated with NaCI before 
15 extraction. An additional 10 ml of ethyl acetate was added and the layers 
separated. The combined extracts were dried over MgS0 4 , filtered and 
evaporated to give a yellow solid (51.3 mg, 91%). 

Example 42: 1-{2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-2- 
ethyl-isothiourea 



{2-[2-(4-Bromo-phenyl)-ethylamino]-benzothiazol-6-yl}-thiourea (Example 39, 
51.3 mg, 0.126 mmol) was dissolved in dry DMF (0.5 ml). Ethyl iodide (11 u.l, 
1.1 eq) was added and the yellow solution stirred at room temperature for 23 
hours. The solution was diluted with ethyl acetate (10 ml) and extracted with 
25 ice water (2 ml) followed by ice cold brine (3x2 ml). The product was dried 



mixture of ethyl acetate/hexanes (1:1) to give a yellow solid (99 mg, 95%). H 



Br 
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over MgS0 4l filtered and concentrated to give a yellow oil. The product was 
purified by chromatography on silica gel (5% 2M ammonia/methanol in 
CH 2 CI 2 ) to give the isothiourea (12.5 mg, 23%). The product was dissolved in 
methanol (1 .0 ml) and acidified with 1.0 M HCI in ether (4 ml). The orange 
5 precipitate was collected by filtration and washed with hexanes (6.0 mg, 
1 0%). MS (M+1 , 435, 437). 
Example 43: nNOS and iNOS Enzyme Assay 

The generation of nitric oxide by NOS was measured using the hemoglobin 
capture assay (Proc. Natl. Acad. Sci., U. S. A. 1990, 87, 714). As assay 
10 mixture for nNOS contained 10 mM L-arginine, 1.6 mM CaCI 2 , 11.6 mg/mL 

calmoduline, 100 mM NADPH, 6.5 mM BH 4 and 3 mM oxyhemoglobin in 100 

mM Hepes (pH 7.5). The reaction mixture for iNOS contained 10 mM of L- 

arginine, 100 mM NADPH, 6.5 mM BH 4 and 3 mM oxyhemoglobin in 100 mM 

Hepes (pH 7.5). All assays were in a final volume of 600 ml_ and were 
15 initiated with enzyme. Nitric oxide reacts with oxyhemoglobin to yield 

methehemoglobin which is detected at 401 nm (e = 19,700 M" 1 cm" 1 ) on a 

Perkin- Elmer Lamda 10 UV/vis spectrophotometer. 

IC 50 and percent inhibition of NOS by the compounds of the 

invention were determined under initial velocity measurement condition with 
20 hemoglobin capture assay as described above using varying concentrations 

of the compounds of the invention. The results are shown in Table 1. 

Example 44: Neuroprotection of Rat Cortical Cells Against NMDA 

Challenge 

Rat cortical neuronal cultures were exposed for 30 minutes to 25 
25 uM NMDA in buffer with or without the test compounds according to 
previously reported procedures (J NeuroscL 2000 Oct 1;20(19):71 83-92). Test 
compounds were added for a 60-minute pre-incubation period in order to 
maximize the chance of seeing neuroprotection. After 24 hrs cultures were 
treated with propidium iodide and the % cell death determined. 
30 Figure 1 illustrates the neuroprotection observed during NMDA 

challenge when rat cortical cells are preincubated with N-{2-[2-(3H-lmidazol-4- 
yl)-ethylamino]-benzothiazol-6-yl}-thiophene-2-carboxamidine for 60 minutes. 
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Figure 2 illustrates the neuroprotection observed during NMDA challenge 
when rat cortical cells are preincubated with N-[2-(2-Morpholin-4-yl- 
ethylamino)-benzothiazol-6-yl]-thiophene-2-carboxamidine for 60 minutes. 

While the present invention has been described with reference 
to what are presently considered to be the preferred examples, it is to be 
understood that the invention is not limited to the disclosed examples. To the 
contrary, the invention is intended to cover various modifications and 
equivalent arrangements included within the spirit and scope of the appended 
claims. 

All publications, patents and patent applications are herein 
incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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TABLE 1: IC 5 o (M-M) of NOS by the Compounds of the invention 



Example 
Number 


nNOS 


iNOS 


eNOS 


4 


4.2 




83. 3 


mm 

5 


1.7 


Off "7 

26.7 


17.7 


7 


250 




238 


9 


AA A 




H 1Q 


13 


11.9 


125 


100 


17 


32.1 


275 


94 


18 


57.8 


123 


145 


20 


89 


73 


169 


36f 


4.8 


>300 


>300 


36b 


1.46 


91 


110 


36d 


1.6 


163 


210 



